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SUMMARY 


The aim of the study has been t'* utilize different 
techniques for image manipulation of satellite reg- 
istrations to evaluate their maximum practical use- 
fullness within the applied fields of: 

Vegetation 

Geology 

Geomorphology 

Soils 

Ecology 

Hydrology 

The study is part of an ecological project with the 
overall aim of assessing the impact on the environment 
of the flooding and regulation of the water in the 
Mtera reservoir in Tanzania. 

Landsat registrations from different occasions were 
used to collect basic ground data within the listed 
fields of interest. Interpretation and mapping were 
carried out in black and white as well as in colour 
infrared images on the scale of 1:250 000. 

Several computer techniques were also used» including; 

Contrast-stretched ratioing 

Differential edge enhancement 

Supervised classification 

Multitemporal classification and 
change detection 

The results of the study show that interpretation of 
black and white Landsat photos is greatly facilitated 
by the use of the four different wave length bands. 

It is also extremely valuable to have access to dif- 
ferent registrations from various seasons, since dif- 
ferent information can be gained from each image. For 
interpretation purposes, the most useful image is made 
from band 5. Most of the additional information on 
band 5 is gained from one of the two near infrared 
bands 6 or 7 . For interpretation of vegetation and 
geology, the use of black and white images is much 
more time-consuming and the result less reliable as 
compared with colour infrared images. 

The conclusion is that the advantages of using colour 
infrared images are so great that they should be used 
basically for all interpretation, while black and 
white images should only be used to supplement the 
coloured images. 
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CohtAa^t-itiiefched •mtioing can often be uaed as a faster 

and leas costly approach as coapared with supervised 
classification. The method enables a larger area to 
be divided into sub-areas with uniform character- 
istics regarding « for instance* geology and vegetation. 
The technique could then be useful in the Initial 
phase of a study where the determination of uniform 
areas sii^plifies the field survey. 

tdge ej^hancmmt is particularly useful to 
detect tectonic features* Lineaments are exaggerated 
and thus possible to detect* while visual image 
interpretation gives the major tectonic pattern only* 

The advantage of supftvaed is the very 

detailed nature of the information which becomes 
available for analysis. Tne characteristics of very 
small areas make it possible to distinguish even 
minor differences in large-scale patterns. 

Muf using two or more registra- 
tions simultaneously In the classification* gives 
more varied separation of classes in comparison with 
the information from one single registration. Change 
detectwn is useful in the separation of changes be- 
tween two occasions* for Instance* a decrease in the 
cover as a result of forest clearance. 

The result of the work certainly shows how liranensely 
useful the Landsat technique may be within several 
fields of data acquisition and analysis. The advan- 
tages it has over many conventional methods in use 
at present are also clearly demonstrated. 


HKCUMrii?:NDEn use 

A brief discussion of the potential usefulness of the 
analysis techniques described is given below. 


Colour infrared images 

The Landsat colour infrared images on the scale of 
approximately 1:250 000 proved to be of a great use 
in the classification of* for example, vegetation as 
compared to the use of black and white aerial photos 
in conventional methods. This is especially the case 
when combining the data from images of different sea- 
sons. A ui i‘at deal of detailed information was gained 
in this way. 

This teclmtv|ue may be applied when the aim is to pro- 
duce a large-scale map of vegetation, land-use, soil, 
etc. By using this method, it is also easy to map 
the various changes in plant cover of the ground as 
well as areas of pro-dominantly annual or perennial 
vegetal ion , 
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It It tlso pottlbU to dittlAfujlth tho tictoot of 
clttrlAft tnd o^tr mua^mAo it^tet ooi for tiuuni^loi 
fortttt* proyidiof tho j^tlbiUty to nwiltor ohtfifM 
in tht tnviroiuMnt. 


C^trtit ttytchtO rttioino 

This It t vtry rtpld mttliod for oxtgforttlof tim 
contrttt bttwttn trttt with Oifforont chtrtcttrittiet. 
Thit Mthod wtt tppUtd to to trot it tho oontrtl j^rt 
of tho Ntort bttin in oedor to ttudy whothor toilt 
and vogotatlon cltttot eoold bo toptrttod or not. 

Tho rosultt thowod that it wat otay to aoparato tho 
inain cXastot. Tho advanttfo to bo ftinod by tho uto 
of thit nothod thit nothod at c«aparod to tho inoro 
aophisticatod cc»^otor toohniquoa it otinly rolatod 
to tho fact that rapidly dolinoation botwoon aroaa 
of difforont charactorittlca it pottiblo. That» it 
thould proforably bo uaod during tho initial phaao 
of tho analytit work. 

Thit nmthod. hc^vor* d<^a not allow a datailod 
claaaif Icatlon* 


Differontial odgo onhancoBwnt 

Landaat r^lstrations contain inforoatlon about linoar 
features , which cannot be detected by the interpreta- 
tion of aerial photos or tatellite ioagea. By edge 
enhancement it is possible to exaggerate linoar 
changes and contrasts in the scene and thus detect 
1 ineaments . 

This technique is especially applicable in tectonic 
studies and geological mapping, where the aim is to 
identify structural elements of the bedrock such as 
faults, joints, dikes, contacts or schlstosity. For 
bedrock mapping it should be used in combinatitxn with 
contrast-stretched ratio data. The method is rapid 
in comparison with computer classification. 

Differential edge enhanceM»nt for tectonic studies 
and geological mapping is limited to areas with small 
tt) moderate ^oil cover. Dense vegetation will hide 
much of the linear features while sparse to RK>derate 
vogetation cover often tends to exaggerate linear 
features, depending on the structural elements of 
the bedrock. 


Supervised classification 

Supervised classification identifies the characterise 
tics of areas as small as 60x80 m. This method thus 
allows very detailed analysis. Tht results are depend- 
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ent on the accuracy in selecting classes, which corre 
spond to a particular type of vegetation, soils, etc. 

This method allows the production of rather detailed 
maps of, for example, soils, vegetaticm, etc. over 
large areas with a minimum of field checks, a fact 
which cannot be overemphazied in areas where roads 
are few and where accessibility to vast areas is 
jeopardized by topography, soils or vegetation. 

As in the case of the Mtera study, where information 
on the distribution and characteristics of the vege- 
tation and soils was well-known from previous field 
surveys, the results of the supervised classification 
method proved to be very good. 


Multitemporal classification 

Normally, the growing season is the most suitable 
time to classify different vegetation types. To 
obtain a complete picture of the distribution of vege 
tation types, it is wise to use several registrations 
from the growing season. However, by also using 
registrations from the dry season, additional informa 
tion on the vegetation is gained, resulting in more 
accurate mapping. 

The method is thus most applicable in areas with a 
marked seasonal plant cover, for excunple, arid areas 
with their great differences between annual and 
perennial vegetation. 


Change detection 

Through comparison of two registrations, it is poss- 
ible to detect certain changes that have taken place. 

In the Mtera area, the forest cover registrations 
from the same season but seven years apart were com- 
pared by means of this method. The results showed 
that large areas which had lost their forest cover 
during the period were easily detected. 

This method is thus of great value in the detection 
of, for example, changes in vegetation, man-made or 
natural. It is also important in the detection of 
overgrazing, soil erosion and desertification. 

It is potential use is enormous. It can be applied 
to the monitoring of all sorts of changes in the 
environment. It is particularly useful in the monitor 
ing of large areas and in areas where it is difficult 
to carry out field checks, for example, swamps, 
mountains and rain forests. 
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PREFACE 


Hie Swedish Space Corporation, SSC, with funding fron 
the Swedish Board of Space Activities, has initiate 
a series of pilot projects with the aia of establish- 
ing the potential usefulness of data froa earth 
resources satellites in a mudser of different fields. 
Special Interest has been concentrated to the use 
of interactive image analyses systems to access the 
usefulness and to introduce the technique to different 
categories of users. 

As part of this scheme, VBB has been entrusted to 
assess the potential use of the Landsat technique 
for physical planning in a semi-arid area in Tanzania. 
Hie area in question, the Mtera basin, has previously 
been thoroughly sun^yed and mapped by VBB/StfTCO as 
part of various studies in connection with the work 
of creating a storage reservoir by the dasmiing of 
the Great Ruaha river. The pictures in the field, 
idiich vere taken by Dick Johauisson, all refer to that 
phase of the work. 

VBB/SWECO's knowledge of field conditions has been 
an absolute necessity in establishing the best methods 
for use in the rork of physical planning. 

We have tried to assess the possibility of nuipping 
various charactr.rlstics of the natural environment, 
for example, v«.getation and soils, by different 
Landsat techniques, and to list not only the advan- 
tages and disadvantages of these as conqpared to con- 
ventional field investigation methods, but also to 
see where the different methods supplement each other. 

The Swedish Space Corporation has actively partici- 
pated throughout the vrork. The SSC has participated 
with operational personnel and its Interactive ana- 
lyses system. Sonny Lundin has as Project Manager 
handled the computer part of the project with Lars- 
Erik Gustafsson, Mats Rosengren and Per G Jdnsson. 
Their efforts are much appreciated. The text on Land- 
sat techniques has been written jointly with the 
staff on the Swedish Space Corporation. 

In addition, the Swedish National Board for Technical 
Development C*Styrelsen fdr teknisk utveckllng”) has 
contributed funds to make possible a more detailed 
work procedure. We are greatly indebted to all con- 
tributors to and participants in the study. 

There are very few Landsat registrations available 
of the Mtera area, as no ground station exists for 
Landsat in east Africa. Data has to be recorded on 
tape on the satellite at the time of registration 
and transmitted to the ground vlum the satellite is 
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passing the USA. NASA carried out registrations in 
March 1979r at the end of the growing season f es- 
pecially for this study. However, the Ntera area 
was cosipletely covered with clouds at that tine. 
Ai^ther registration was therefore carried out at 
the end of July 1979. We are nost grateful to NASA 
for this ccmtribution to tiM study. 
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1 . 1 Xiandaat 

Onm objoctiv« of the Iiendeat prograane has l^n to 
obtain one-tiTO iiAaglng of the land areas of the 
world. All data receiv^ and processed fr<» Xia^s^t 
are available to anyone tluroughout the %R»rld. Several 
data fomats are available to siatch user needs » 
but the investigator can carry out additional pro- 
cessing to meet his specific requirements. 

The Landsat data base comprises documentation of 
environrontal conditions > documentation which will 
of critical importance in as much as it will 
constitute a baseline for the recognition of en- 
vironie^ntal changes that may occur in the future. In 
order to be able to make continued ccnqparable obser- 
vations, it will be necessary to use this baseline 
information effectively and wisely. An objective* 
factual data base will be essential in large-scale 
resources studies to both developers and environs^n- 
talists. 

Data from Landsat can be interpretea through analysis 
of photographic type images or through highly soph- 
isticated computer procedures. This range of tech- 
niques opens the door to wide and extensive benefits 
in terns of a large number of applications. 

The object of the Landsat satellites, which make up 
a series, is the study of the earth's surface. The 
satellites are placed in sun-synchronous, near-polar 
orbits, isacn satellite passes over a certain loca- 
tion above the earth every 18 days at the same local 
time. The satellites are at an altitude of approxi- 
mately 910 k' and each is equipped with MSS and RBV 
instruments. 

A Multi Spectral Scanner, MSS, scans the earth in 
four wave length bands from green to near-infrared. 

In order to obtain continuous images of the earth 
in the direction of the motion of the satellites, six 
lines are scanned at the same time. The length of a 
scan corresponds to 185 km on the ground and the 
detectors are read out at constant time intervitls. 

The true ground resolution is considered to be /:^x56 m. 
Scan lines are continuously read and telen^tered to 
the ground, but artifical di/lsion into frames is 
produced by a computer system, in such a way that the 
final product consists of images which cover areas 
185x185 km on the ground. Each fran^ consists of 
2 340 scan lines and each scan line contains 3 240 
resolution elements. The satellites produce vast 
amounts of data. A single Landsat scene actually con- 
sist of four pictures, each of ’hich has some 7.6 
million picture elements. 
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A set of three Return Beam Vidicon, RBV, tubes 
plK>t<^raph the earth through filters » taking images 
in green « red and near- infrared ligh-. The res- 
olution of the vidicons was approxiiMitely 60 m on 
Landsat 1 and 2 and is approximately 30 a on Landsat 
3. Ihie to the fact that no vidicon data exist tr<m 
the first tvo satellites « the data is normally not 
very much used, nor is it received by receiving sta- 
tions other than NASA's o%m. Ho RBV-data presently 
exist frc^ the Mtera area. 

1.2 The Mtera Pilot Proiect 

The purpose of this pilot project has been to study the 
value of different Landsat MSS analysis techniques 
within the field of ecology and land-use, utilizing 
the Mtera Project for reference purposes. Studies of 
ecology and land-use similar to those carried out 
within the Mtera Project will be of increased im- 
£X>rtance in the future. This is particularly valid 
in the developing countries. Few current projects 
have the time or funds required to allow the carrying 
out of sufficiently detailed ecological studies. The 
utilization of Landsat must be regarded as an appro- 
priate n^asure to find a more efficient and economi- 
cal way of carrying out studies of this kind. 

In this study we have compared different levels of 
Landsat use. At the basic level, black and white 
aerial photos and Landsat images have been inter- 
preted. Band five has been mainly used. The second 
step has been the interpretation of colour Infrared 
composite images, also a standard Landsat product. 

All images have been enlarged to 1:250 000. The follow- 
ing four registrations. Figs. 1-4 have been studied: 


Fig. 

Date 

Season 

Landsat identifica- 
tion number 

1 

1972-09-28 

Dry season 

E-1065-07132 

2 

1972-12-25 

Early wet season 

E-1155-07140 

3 

1974-01-07 

Wet season 

E-1533-07103 

4 

1979-07-25 

Dry season 

E-21645-06554 


These are the only cloud-free registrations available 
over the area. 


Computer techniques have been applied in several ways: 
- contrast-stretth^d ratio enhancement 
differential edge enhancement 
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•uptrvls^d clM«lflc«tio& 


- Bultitft&poir&l claavlficatioa Mid 
ohan^a dateetlon 

1.3 Tha Graat Ruaha ?owar Prolact 

On bahalf of tha Tanianla Elactrio Supply C^ipany 
Ltd (TANBSCO) t a hydro --a lac trie ponar plant haa btmn 
conatructad on the Graat Ruaha River at Kidatu* 

The volune of the raaarvoir at Kidatu ia# however, 
rather email, and for thia reaaon a main atoraga dMi ia 
planned and currently under construction at Ntara, idiich* 
ia aituated 175 km upstream of the Kidatu raaariKiir. 

At Ntara, the dam across the Graat Ruaha river is 
being constructed about 6 km downstream of the Ntara 
bridge. The dam will be coiqpleted in late 1980. At 
full supply le^^l the Ntara reservoir will be approxi- 
mately 630 km’ in area. The reservoir will be rather 
shallow because of the flatness of the terrain and 
large areas around the reservoir will be affected by 
the annual variations in the water level. 

Several aspects relating to the environmental inq^iact 
of the reservoir have previously been presented 
(SWECO 1976, 1977a, b, 1978 a, b, 1979). 

Thus, the study area has been selected on the basis of 
accumulated knowledge on many aspects of the natural 
environment which allows a more thorough interpreta- 
tion of signals from the Landsat satellites. 

1.4 The Ntera basin 


1^4^1 Geography 

Th«i Ntera basin Is situated in central Tanzania 
approximately half way between the two towns of 
Iringa and Dodoma, Fig. 5 . The basin lies within the 
Rift Valley at an altitude of approximately 675-725 m. 

The land below an altitude of 690 m will be flooded 
when the Ntera storage reservoir is consisted in late 
1980. The outline of the reservoir is shown in Fig. 6 , 
which also shows the road system and villages. 

The area is sparsely populated, a state which, how- 
ever, may change after the establishment of the 
reservoir . 
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Fig. 5 The location of the Mtera area 


1^4^2 Climate (from StrOmquist 1976) 

The Mtera basin Is situated within a semi-arld belt 
which runs from north to south through the central 
portion of Tan 2 anla. In this zone, the average annual 
rainfall is approximately 500 mm. The annual rainfall 
at Mtera (450 rom/year) Is thus very low and concentra- 
ted In a rainy season between November and April. 

Most of the rain falls during December and January. 

The variability in rainfall is high. Fig. 7 , and 
precipitation is often in the form of heavy showers, 
causing rapid surface run-off and sudden spates in 
the seasonal streams and rivers. 

The climate is characterized by low humidity. Fig . 

8. Evaporation always exceeds precipitation 
T3 260 mm/year) and is highest in October and November, 
Fig. 9 . The air temperature is always high with a 
daily variation range of about 10-15°C, Fig. 10 . 
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Fig. 6 The Mtera basin. The location and outline of 
the Mtera reservoir is shown at highest water 
level (HWL) and at lowest water level (LWL) 
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Fig. 7 Annual rainfall, Mtera 



Fig. 8 Relative humidity, Mtera, 
1970. Monthly means 09.00, 

15.00^. (E.A.S.T.) 
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Fig. 9 Pan evaporation, Mtera, 
1962-1973 
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Fig. 10 Air temperature, Mtera. 

Median valuo.s (3-4 years), 

09.00, lO.Oo”. (ll.A.S.T.) 
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LMIDSAT TECHNIQUES 


The aim of the study has been to utilise different 
techniques of image manipulation and interpretation 
to evaluate their maximum benefit within the fields 
of ecology, vegetation, georaorphology, soils, geology 
and hydrology. The techniques applied are briefly 
described in the following. 

2. 1 Image interpretation 

The interpretation of Landsat images has much in 
common with the interpretation of aerial photographs. 

Much of the experience which exists in connection 
with the latter can easily be transferred to the 
study of satellite images. There are in fact many 
advantages connected with the use of Landsat images, 
am exception being the case of geometric resolution. 
Landsat makes black and white registrations of the 
ground in four different wave length bands, which greatly 
facilitates interpretation. Normally, it is possible 
to obtain a number of registrations over the sauae 
area at low cost. It is extremely valuable to have 
different registrations at various seasons, since 
different information can be gained from each image. 
Aerial photographs taken at different seasons are 
rarely available. The greatest advantage of Landsat 
images is that a colour infrared image can be produced 
from each registration. The cost involved is slightly 
higher as compared with that for black and white 
images, but where it is possible to order images from 
the US Geological Survey, the cost is not of great 
significance. The conclusion is that the advantages 
of using colour infrared are so great that this should 
be used for all Interpretation, while black and white 
Images should only be used to supplement the coloured 
images . 


2.2 Contrast-stretched ratio 
enhancement 


The image enhancement technique used in the Mtera 
study was applied to investigate the possibilities of 
discriminating various soil and vegetation classes. 
Thi^ approach is a considerably faster and less cost- 
ly method than supervised classification. The image 
enhancement technique is a three -step procedure: 

the spectral values of any two 
Landsat MSS bands are divided 
pixel by pixel 

the resultant ratio values are 
rescaled in order to fill the 
entire dynamic range of the 
display medium 
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- the stretched data from three ratio 
sets are combined Into a colour 
composite image. 

The procedure is useful because the ratio values 
determined by combining data from MSS band pairs tend 
to r^aove first-order brightness differences attri- 
butable to topography. In addition, the ratio tends 
to normalize the response of similar ^terials with 
similar spectral response curves but varying alt^os, 
(Blodget et al., 1978). The ratio also displays the 
slope of the reflectance spectrum of a material be- 
tween two bands on a single black and white image. 

The ratios derived using this algorithm generally 
show a narrow range of values. The data must be con- 
trast-enhanced before image construction to obtain 
the best display characteristics. 

The colour composite image can be built up in a nuiid^er 
of ways using any of twelve ratio alternatives, differ- 
ent colour-filters and stretch combinations. The best 
combination for discrimination of soils and vegetation 
was found to be ratio data of MSS 4/5, 5/6 and 6/7 
projected through red, green and blue filters re- 
spectively. 

To focus on the resolution of different soil classes, 
the three ratio sets, varying stretch combinations 
were tried. Two different stretch combinations are 
shown in Figs. 11 and 12 . 


2.3 Differential edge enhancement 

A method often used on photographs to enhance tec- 
tonic patterns is to overlay a negative image on the 
same positive image and to observe the result when 
the negative is moved on top of the positive. 

The same operation can easily be performed with 
digital images. Mathematically, the image is moved 
in any desired direction and displacement. 

In the resulting image, lineaments and other linear 
structures perpendicular to the displacement direc- 
tion will be enhanced and all other features will 
disappear. Enhanced pictures are shown in 4.3 on 
tectonic features. 

2.4 Supervised classification 

There are two alternative methods available when 
classifying Landsat data into different types of 
vegetation, terrain etc.; supervised or unsupervised 
classification. The computer program that performs 
the actual classification is the same in both cases. 
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In the case of supervised classification, the signa- 
tures used for classification are created by the 
user, whereas those used in the case of unsupervised 
case classification are created n»re or less auto- 
BMtically by the ccNi^ter. Supervised classification 
has been used in the Mtera project. The signatures 
have been created from the statistics of different 
training areas. 

For vegetation classification, it is especially im- 
portant that there be a fairly large number of train- 
ing areas to cover the variations within each class 
resulting from differences in growth, precipitation, 
altitude, soils etc. 

In the image analysis system used, only 32 signatures 
from training areas ecu Id be used for supervised 
classification when the Mtera project was conducted. 
This is a strongly limiting fact.or. For normal use 
this should be Increased to scmne 50-100 signatures 
in order to obtain the best result. 

The main phases of supervised classification are as 
follows: 

Training area acquisition, which 
implies identifying the areas where 
ground truth is available. 

Calculation c*£ multidimensional 
statistics fer the training areas. 

Merging, splitting, editing and 
deleting of signatures to obtain 
distinct, gaussian normal-shaped 
statistics. 

Maximum- likelihood classification 
of all pixels. 

Generation of a thematic map. 

Colour-coding of the thematic map. 

Marking of training areas was done with a trackball. 
Different types of presentation were used for marking 
the training areas, e.g. three band zoomed contract 
stretched pictures in order in an optimized way to 
enhance the specific characteristics of the training 
area in question. Where possible, different training 
areas for the same signature were placed on different 
parts of the image. The training areas were studied 
and, where necessary, corrected, using all the differ- 
ent bands. 
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Generation o£ statistics invol^^ automatic calcula- 
tion and display of aeans, si^sat# covariances and 
histograms using pixels frx»i the training areas* l^is 
was done for every band and signature. 

The signatures were then corrected to distinct* 
gaussian-shaped one-feature signatures* by aergii^i 
signatures with equal statistics* splitting sigMtiMS 
with more than one top in the histograms* and re- 
calculating statistics without the influence of single 
pixels far from the mean values. Signatures with 
very broad non-dlstinct statistics #ere deleted. 

Classification was done one pixel at a tii^* using 
the maximum likelihood classification. 

To generate thematic maps* the following procedure 
was carried out: 

Each signature or class was given 
a separate grey tone. 

- Iterging of signatures was possible 
by transforming of signatures to 
the same grey tone. 

~ Colour ceding* giving a desired 
colour to each grey tone* was done 
as the last step* pseudo-colouring. 

The final maps were produced as photo-copies from 
the screen or using an ink-jet plotter. 

2.5 Multi temporal classification 

It is possible to use any number of dlffer«<?nt bands 
when performing classification. In the case of 
Landsat there are four bands. If we want to use mor.;> 
information* we must use data fi m other sources or 
from several different Landsat registrations of the 
same scene. the Mtora project* we have used data 
from several different times of the year and from 
different years. Thus* when classifying data over 
the same geographical area but from different times* 
we call this a multitemporal classification. 

The classification was done In the following steps: 

- preparation of images 

- supervised classification as descri- 
bed in 2.4. 
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Preparing the ii^ges in this case ^ans gecMWtrically 
reg loitering the two Images to each other so that 
each picture ei«aent in one inMige represents thm 
BsmB pixel in the other image. 

Ge<»i«tric correction of systematic errors was first 
done for one of the MSS images. 

The other image was then registered to the syste- 
matic corrected image by using it as a reference for 
smoothed precision correction. 


3. CLASSIFICATION OF VSCI^ATXON 

3.1 Tvp €1 of vqttAtlon 

To provide data for land-uaa planning « toil conaarva- 
tion, buah cXaaring and utlliaation of arboraal 
apaclaBf tha vagatatlon haa pravloualy baan elaaai- 
flad Into aight typaa. (Johanaaon, 1976), 


I 

Acacia circuanarginata 
phora buahland 

- Commi- 

II 

Acacia tortilla - Cordia gharaf 
groundwater buahland 

III 

Buahland with mixed acacias 

IV 

Acacia klrkii buahland 


V 

Open graasland 


VI 

Acacia seyal wooded graaaland 

VII 

Riparian vegetation 


VIll 

Land under cultivation 
past and at present 

in the 


The types of vegetation are described and Illustrated 
in the following » Figs. 13-21 . 
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Fig. 13 Open bushland with Commiphora merkeri (to the left) and 
Acacia circummarginata trees near Chapuya. The seasonal 
grasses cover the stony ground, February 1977 


I Acacia_circummar 2 inata_-_Commiphora_bushland 

The two tree-forming species Acacia circummarginata 
and Commiphora merkeri dominate totally. The field 
layer is sparsely developed and much of the soil sur- 
face is bare because of heavy grazing and trampling. 

A considerable number of herbs and shrubs occur, but 
none is particularly dominant, except for Duosperma 
crenatum. This bushland is associated with red-brown 
residual soils and is common on hills and inr-i tned 
plateaus . 


ORIGINAL PAGb lb 
OF POOR QUALITY 
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In the Mtera basin, Acacia tortilis normally grows to 
a height of 5-7 m with a flat spreading crown. This 
vegetation type occurs on yellow or bro\;n colluvial 
soils, and on grey alluvial soils where the ground- 
water table is relatively close to the surface. Vast 
areas of it surround the Kisigo and Great Ruaha rivers 
Cordia gharaf is most common close to the rivers, and 
gradually gives way to Acacia tortilis. 


ORIGINAL PAGC IS 
Of POOR QUALITY 


Fig. 14 Bushland with Acacia tortilis near Izazi. The picture was 
taken at the end of the wet season when the ground is 
covered by the annual grass Sporobolus ioclados 

II Acacia tortilis - Cordia gharad groundwater 
bushland 




Fig. 15 Bushland with mixed acacias. The shrub in the centre is a 
Cordia gharaf, and the trees surrounding it are Acacia 
mellifera. Migole 


III Oyshland_with_mixed_acacias 

Apart from the well-defined association in which a 
particular Acacia species is dominant (e.g. A. kirkii 
or A. seyal) or co-dominant, (e.g. A. circummarginata 
and A. tortilis) , there are also loose associations 
of a number of Acacia species. This is here described 
as bushland with mixed acacias. It is composed of 
rather short and shrubby trees. The dominant species 
are Acacia tortilis and A. mellifera, which normally 
reach a height of 4-5 m. This vegetation type is 
associated with badly or slightly sorted sand and 
silty soils. It is mainly found on the gentle slopes 
which surround the Logi plain and the areas from 
Chapuya down to Izazi, and its occurrence is probably 
related to the heavy grazing pressure in these areas. 
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Fig. 16 Acacia kirkii bushland on the fringe of the Kisigo alluvial 
fan near Mahogola, May 1971 


IV Acacia kirkii busl'land 


Acac la kirkii is a small tree, normally 3-4 m high in 
the Mtera area. It has a very short, thick trunk with 
branches close to the ground (Fig. 37) and grows in 
rather dense stands with the branches of the crowns 
interwoven. This type of bushland is found on clayey, 
'mbuga'-like soils, and on sand and silty colluvial 
soils. Acacia kirkii is normally associated with 
alkaline soils. Although it is not an infallible in- 
dicator of alkalinity, it enables recognition of the 
main areas of alkaline soils. Acacia kirkii bushland 
occurs in the border zone of the 'mbugas' often in 
narrow strips with open grassland in between, as well 
as in the drainage channel from the northernmost 'mbuga' 
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Fig. 17 The Pakwaya 'mbuga', which is located between Kisima and 

Chipogolo, is here partly flooded, at the end of the rainy 
season, February 1977 


V 9£en_gr ass land 

The open grasslands are composed of short grasses 
which cover the ground completely; only occasional 
shrubs and widely scattered trees occur. The soils 
of this vegetation type are well-sorted clays. Black 
'mbuga' soils are common in the central part of the 
plains, which are seasonally flooded. In somewhat 
higher sections grey 'mbuga '-like colluvial soils 
occur. Normally this vegetation is not subject to 
periodic burning. Open grasslands are found in the 
northern parts of the Mtera basin» their central 
part being known locally as Logi mbuga or Logi plain. 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Fig. 18 Short Acacia seyal trees near Fufu river. Note the black 
clay soil below the trees. May 1971 


VI Acacia_seyal_wooded_ 2 rassland 

Almost monospecific patches of Acacia seyal trees 
form a typical and easily recognized vegetation type. 
Acacia seyal is a rather tall tree, reaching up to 
12 m in height. Acacia seyal is adapted to seasonally 
waterlogged, badly aerated soils, and occurs on well- 
sorted black clay soils ('mbuga soils')- This vegeta- 
tion type occupies the lowest sections of the Logi 
plains around the Fufu river, where the water remains 
longest after the rainy season. 


0P/G/IV4L 

POOR 


PAGE IS 
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Fig. 19 Riparian vegetation at the Great Ruaha river near Makonge , 
May 1971 


VII__Riparian_ve 2 etation 


ORIGINAL PAGE IS 
OF POOR QUALITY 


This vegetation is often referred to as riverine 
forest because of the dominating tall trees which 
reach heights of 15-20 m. However, there are also 
shrubs and herbs closely associated with it, and in 
several places the trees have been removed (felled 
for different purposes) , leaving only the shrubs and 
herbs. 


Among the trees. Acacia albida and A. clavigera are 
the dominants in certain areas and Tamarindus indica 
elsewhere. This vegetation is clearly limited to the 
alluvial grey soils with high water content in a 
narrow zone on both sides of the rivers. At some dis- 
tance from the river, the riparian vegetation ends 
abruptly, being replaced by Acacia tortilis - Cordia 
gharaf groundwater bushland. 

Riparian vegetation is found on both sides of the 
Kisigo and Great Ruaha rivers, ^ -cept for the stretch 
from Mtera village downstream to the planned dam 
site . 
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ACACIA CIRCl MMARGINATA 
COMMIfNORA RUSHIAND 
ACACIA lORTlUi-CORDIA 


RUSHIAND WITH MIXfD 
ACACIAS 


ACACIA XIRKII RUSHIAND 


OPEN CRASSIAND 


ACACIA SIVAl WOODED 
CRASSIAND 


RIPARIAN VEGETATION 


PAST AND PRESENT 

cultivated land 
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Vegetation types and their distribution in 
the Mtera basin 




3.2 Interpretation of blaok 
and white aerial rtiotoe 

The vegetation of the Ntera basin has previously been 
napped on a scale of It 200 000 (JohansMn If 7i) • 

This vmp was based on interpretation of aerial j^^^s 
on a scale of It 34 000 > dat^ June 19€3. The nailing 
was checked in the field. The vegetation types tdiich 
were distinguish^ by this nethod have be«i presented 
in the preceding Clause. It slw>uld be noticed t^t 
some of the vegetation types which %fere distinguisl^ 
could not be traced on the aerial photos# their dis- 
tribution being based entirely on the field recmmais- 
sance . 

The aerial photos# although detailed in the infoma- 
tion provided# are soaMtimes difficult to Interpret. 
This is related to the fact that# owing to the great 
area to be covered, the photos nay be taken in differ- 
ent light conditions# which effects the grey tones 
of the photos. When the ain is to produce a vegetation 
nap# on the scale of, let us say, 1:150 000-1:200 000# 
coloring areas of 500-1 000 kn* # the use of aerial 
pictures is very laborious and the result is by nc 
neans better than can be achieved by the use of Land- 
sat colour infrared images# %diich is a much faster 
method. 


3.3 Interpretation of black 
and white Landsat images 

The vegetation and geomorphology of the Mtera basin 
have previously been interpret^ by means of informa- 
tion from satellite images (Johansson and Str^oquist# 
1978) . 

The original Lands, t satellite Images (No. E-1155- 
07140# 25th Decembei# 1972) were enlarged from a nega- 
tive 2. 2x2. 2 inches In size to a scale of 1:250 000# 
which proved to be the best working scale. Band five 
(spectral band 0.6-0. 7 ym, one of four available) was 
used as the grey tones of the black and white Images 
resemble those of conventional aerial photos, thus 
slsqpllfylng Interpretation, Fig. 22 . By using band 5# 
which Is best suited for vegetation studies, the in- 
formation on geoimsrphology , however, varies with 
terrain factors, vegetation and relief. 

The distribution of the major vegetation types as 
determined by aerial photos and field reconnaissance 
could be traced on the Landsat Images# Table 1 . The 
vret grasslands, which sometln^s are difficult to 
observe on conventional aerial photos, are particularly 
easy to distinguish on the Landsat Images, Fig. 23 . 
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Fig. 23 Main vegetation types of the Ntera area aa 
interpreted from Landsat-1 image (cf. Fig. 
22). Legend: 1. Riparian forest and dense 
Riparian bushland, 2. Wet grassland, 3. Dry 
grassland, 4. Wooded grassland of the Kisigo 
river alluvial fan, 5. Bushland with mixed 
acacias, 6. Commiphora bushland/woodland 



HcMf«ver» the occurrence of the Acecie kirkii - A. 
etuhlmannii bushlande and the Acacia eeyal vooded 
grassland as determined by conventional aerial photos 
and giraund surveys could not be accurately Identified 
on th^ satellite Images. The reason for this Is their 
"patchy" distribution within other more extensile 
vegetation types* 

It was also evident that more or less Identical tones 
of the Landsat Images scxaetlmes represent totally 
different ^getatlon types, Table 1. For Instance, 
the very light tones scxi^tiiiws refer to dry grasslands. 
In other cases to badly eroded areas with very poor 
plant cover. Similarly the dark tones may either 
refer to riparian vegetation or Cc»^lphora bushland. 
Htn^ever, the marked catena arrangement of soils and 
>^getatlon proved to be of great value In the classifi- 
cation of vegetation types. 
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3.4 


Interpretation of Landsat 
colour Infrared images 


The conparlson Is based on the vegetation classlflca* 
tiom of Johansson, 1976, which in turn was based 
on conventional aerial photos (scale approximately 
1i34 000) and ground reconnaissance, Fig. 23 . The 
cc»sparlson Is thus based on the )cnown occurrence of 
the various vegetation types which could be delimited 
by this method. 

Consideration must be given In comparison of the Images 
to the fact that they are from three different years, 
namely September 1972, December 1974 and July 1979. Al- 
though the overall climatic conditions are very similar 
from year to year, large variations in the total amount 
of rainfall and lesser ones in the seasonal distribu- 
tion of rainfall may occur between different years. 

The climatic difference is thus mainly related to 
the periods preceding or ending the “normal" wet sea- 
son, which lasts from December to March. 

The total rainfall at Mtera for the years 1972, 1973 
and 1979 was 428, 605 and 506 mm respectively, which 
is rather close to the mean of 450 mm/year, except 
for the 1978/1979 wet season rainfall, which is con- 
siderably above the mean. The variations in the mean 
monthly rainfall at Mtera is shown in Fig. 24 and 
the monthly rainfall for the years 1972, 1973 and 
1979 in Fig. 25-27 . The seasonal variation in rain- 
fall for the years 1972 and 1973 may be considered 
as quite normal, although high rainfall figures were 
recorded for February 1972 and January 1973. The Landsat 
images studied no doubt reflect normal environmental 
conditions in the periods of the years which they cover. 

Below are some notes on the observations of the vis- 
ibility of the different vegetation types on the 
Landsat images. A summary is given in Table 2 . 

3.4.1 I - Acacia circummarginata 
l«Commighora_bushland 

The denser types of this vegetation are easily recog- 
nized also on tne July and September images. More open 

types with a great number of Acacia circummarginata 
are, however, not particularly distinct and may be 
difficult to delimit unless they can be related to 
topographical features, e.g. fault lines and escarp- 
ments. Owing to the dry conditions, the commiphoras 
are at this time of the year leafless. When they are 
In leaf, as in the images from December and January, 
they are more difficult to distinguish from other 
vegetation types in the surroundings. 
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Fig. 24 The mean im^nthly distribution of rain 
fall at Mtera (Str5iM}ui8t, 1976) 
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* Sept 26 Image DecK 

Fig. 25 The monthly distribution of rainfall at 
Mtera during 1972. There were 164 days 
without rain prior to the September 26 image 
After the long dry season, 1972, a total of 
60 mm rain had fallen prior to December 25, 
1972 
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Fig. 26 The iWDnthly distribution of rainfall during 1973 
and January 1974. After the dry season of 1973, 
a rainfall of 81 noa in total was recorded prior 
to January 7, 1974. 



Fig. 27 The monthly distribution of rainfall at Mtera 
during 1979 
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Table 2 Interpretation potential with regard to vegeta* 
tlon In four X*andeat colour Infrared Images. 


Vegetation 

SATELLIT 

E IMAGE 




Dry season 

Sep 28th 
1972 

Early %ret 

seascm 

Dec 25th 
1972 

Wet seasOT 

Jan 7th 
1974 

Dry seasmi 

Jul 25th 
1979 

I 

Acacia circuanarginata- 
Ccnoniphora bushland 



♦ 


II 

Acacia tortilis Cordia 
gharaf groundwater 
bushland 

++ 

■f 

■¥ 


III 

Bushland with mixed 
acacias 

- 

+ 

+ 

- 

IV 

Acacia kirkii bushland 

- 

♦ 


- 

V 

Open grassland 

■f 

++ 

+-f 

- 

VI 

Acacia seyal wooded 
grassland 


— 

— 


VII 

Riparian vegetation 

++ 

+ 

+ 

++ 

VIII Land under cultivation 
in the past and at 
present 

Outside the Mtera basin 


■f 

•f 


Dense 

rain 

evergreen mountain 
forest 

+ 





Legend: - indistinct or impossible to trace 

4- possible to trace 
very distinct 


3.4.2 II - The Acacia tortilis - 
Cordla gharaf groundwater 
bushland 


This vegetation type appears as a very distinct red 
tone, for example, on the Pawaga flood plain and the 
alluvial fans of the Little Ruaha and the Klsigo rivers, 
on all images. In the July and September Images, this 
colour stands out very distinctly towards the blue to 
greenish colours of the surrounding areas, where no 
green (chlorophyll) vegetation exists at this tine of 
the year, since the trees and shrubs have shed their 
leaves and the herbs and grasses are entirely dried 
up. 


The distribution of groundwater bushlands* as seen 
on the dry season images* is also a very good indica- 
tion of the presence and distribution of a fairly 
rich supply of groundwater. 

3.4.3 III - Bushland with mixed 



This is a rather heterogeneous type of vegetation. 

This is amply illustrated by the satellite images, 
which subdivide the areas of mixed acacia bushland 
into a number of tones, some with quite extended 
distribution. This bushland comes out very indistinctly 
on the July and September dry season images. It is in 
fact impossible to distinguish from many of the vege- 
tation types in the surroundings. 

In the wet season images from December and January, 
a number of areas with homogeneous and distinct tones 
may be distinguished. For instance, the pedin^nt 
areas with considerable dominance of Acacia tortilla 
and subsequent large canopy cover comes out very 
clearly in a yellowish colour, while areas with low 
shrubs or trees, e.g. areas with a dominance of Acacia 
drepanolobium, appear as a light, almost white tone. 

The latter probably reflects the low canopy cover and 
the poor cover afforded by the field layer vegetation, 
typical of the roost badly eroded pediments. 

3.4.4 IV - Acacia kirkii bushland 


It is not possible to distinguish this type of bush- 
land on the images from July or September. It starts 
to appear on the Images from December, but not very 
distinctly. However, on the image from January, the 
extent of more continuous belts of Acacia kirkii and 
the closely associated Acacia stuhlmannii is easily 
traceable. Howev'er, the growth habit of this vegeta- 
tion type, which is often found in narrow strips, 
always makes it difficult to trace in heterogeneous 
plant communities. 




The wettest parts of the open grasslands, which are 
seasonally flooded to form so-called 'mbugas', are 
easy to trace. They are very distinct on the wet season 
images, December and January, slightly more difficult 
to trace on the dry season image from September and 
much less distinct on the dry season July image. 

The drier types of grassland arc, however, somewhat 
more difficult to delimit, as they tend to merge with 
badly eroded pediment areas wit!i poor arboreal cover. 


Xn th« D«e«iiter liMg** th« grasclandt in f<in«rAl and 
th« dri^r parts In particular art quits distinct, 
fhls Is rslatsd to ths fact that Most deciduous trass 
in this area tend to dsvslop thsir foliaqs soms wssks 
prior to ths onset of ths rains. Xn late Dscsi^rf 
ths qrassss and herbs have not developed any exten- 
sive ground cover* while the signals from the canopies 
of the trees are beginning to be strong. Xt is ^us 
easy to trace the dividing line between areas with 
Many trees and those with few. At the SMue tisM* the 
herbs and grasses of the wettest parts of the grass- 
land are somewhat further developed* which also makes 
the boundary between the wet and dry grasslands more 
distinct. As the field layer vegetation devel^s 
towards the end of the rainy season* the difference 
between the grass-covered areas and bushland with few 
trees tends to lessen. This is already apparent on 
the iiMge from the beginning of January. 

3.4.6 VI - Acacia seyal wooded 
....iESlliSSS 

The Acacia seyal wooded grassland* although very easily 
recognised on the ground, is generally difficult to 
trace on aerial photos. This is mainly because of 
the small narrow crowns of the trees and the spacious 
distribution of the tress. On the satellite inuiges 
it is not recognised on the July* September or Decem- 
ber images* while the onset of new foliage seems to 
be reflected on the image from the beginning of 
January. 

3^4jj^7 Vll_;_Rigarian_veg®tation 

The riparian forest appears as a red, very distinct 
tone* on the July and September images. It thus merges 
with the surrounding groundwater bushland. However* 
the close association between the riparian vegetation 
and the drainage lines and water courses make delimit- 
ing easy, since the riparian vegetal ion is rarely 
found at any great distance from the water courses. 

In the December and the January images* the signals 
from the groundwater bushland and the riparian vegeta- 
tion merge with the deciduous vegetation types in the 
surroundings* which at this time of the year trees 
leaves. This complicates mapping of the vegetation. 

3.4.8 VIII - Land under cultivation 



The land which has in the past been cultivated or is 
at present used as farmland is generally difficult to 
trace, because it occurs in rather small and dispersed 
areas. The regeneration of the plant cover of abando- 
ned farmlands also occurs in many different stages* 
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which furthermore gives rise to a complex pattern 
of signals. It is not possible to distinguish the 
farmlands on the images from July and September. How- 
ever * on the December and January images^ the denser 
leaf-bearing vegetation which surrounds the areas 
cleared for cultivation makes it easier to distin- 
guish the light tones of areas under cultivation » 
since the crops at this time of the year ha^ hardly 
begun to develop. 

3.4.9 Dense evergreen mountain 
rain forest 


The inage from July also clearly distinguishes tw> 
vegetation types which do not occur in the Mtera 
basin. The dense, evergreen mountain rain forest which 
is found on the high mountains east of the Mtera basin 
appears as a very distinct purplish colour, while 
the surrounding vegetation, Brachystegia woodland 

and grasslands, which at this altitude still remain 
green at this time of the year, appear as an orange 
colour, Fig. 28 . This in fact makes possible very 
exact delimiting of areas covered by rain forest, e.g. 
within the Mafomwero, Ukiwa, Mangalisa, Irooye and 
the West Kilimbero scarp forest reserves. 

The exact distribution and encroachments on the forest 
can easily be registered and monitored by n^ans of 
this type of satellite image. The differences between 
the dense mountain rain forest and surrounding vegeta- 
tion types also appear on the image from September, 
although far less pronounced. 
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Fig. 28 Evergreen mountain rain forest in bright 
red surrounded by Brachystegia woodland 
and man-made grasslands at Imoye on Land- 
sat, July 1979 • Scale 1 :250 000. 
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3.4.10 Result of vegetation 
.......SSSSiOi.............. 

By coRibinlng the most useful data from a nuidMr of 
images f a quite detailed vegetation map may be com- 

Pig* 29 . Thu information derived from the dif- 
ferent images that were used to identify the vegeta- 
tion types may be s\»»arised as follows i 

The dry season images (July 
and September) %#ere used to 
delimit 

- groundwater bushland and riparian 
forest 

- denser Commiphora bushland 

- wet grasslands 

The early wet season image 
(December) was used to delimit 

Acacia tortills bushland (part 
of the mixed acacia bushland) 

- Acacia drepanolobium bushland 
(part of the mixed acacia bush- 
land) 

Dry grasslands 

The wet season image (January) 
was used to delimit 

Acacia kirkii/A stuhlmannii bush- 
lands 

- Areas with poor plant cover 
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3.5 Supervised classification 
of Landsat registrations 

When coif^aring the results of interactive ooi^puter 
analysis in relation to interpretation of iaages* 
the following two observations are validt 

1. The general visibility of the dif- 
ferent vegetation types is much 
increased. This is due to the fact 
that the signal from each 60x80 m 
area is grouped according to its 
characteristics into one of the 
selected classes. This represents 
a simplification of a complex 
pattern. Furthermore, by giving 
the selected classes different and 
distinct colours, the borders be- 
tween the various vegetation types 
may also be accentuated. 

2. The other obvious advantage 

of this method Is the very detailed 
nature of the information which be- 
co!i«8 available for analysis. The 
characteristics of areas as small 
as 60x80 ro are clearly visible, 
which makes it possible, for example, 
to distinguish minor differences 
in large-scale patterns. 

A colour Image showing a preliminary analysis by this 
method of the vegetation of the northern part of the 
Mtera basin Is presented In Fig. 30 . The information 
of this Image may be used directly as a vegetation 
map, or may In a generalized form be transferred to 
a map showing, for example the distribution of differ- 
ent vegetation types, Fig. 31 . 
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The results of the coinpnter anaiysls follow- 

ing conclusions: 

X The Acacia clrcusmarglnata - C<»BlplK»ra 
bushland or ^re homogeneous bushland 
of mainly Ccmimlphora (ollim or 
lighter green tones) , are clearly sepa- 
rated from the surrounding bushlands 
of Acacia tortilla. For example: 

Areas with poorer tree density^ 
for example old farmland at 
variv IS stages of r4.g 'cwLhf 
appear as lighter green tones 
within the Commiphora belt. 

II The Acacia tor tills - Cordia gharaf ground- 
water bushland is delimited in the generali- 
zed vegetation mao is presented in the computer 
cnalysis as a heterogeneous pattern of olive and 
light green tones. This reflects a mixture 

of riparian forest and trees and shrubs as 
Cordia gharaf and Acacia kirkii/A. stuhlmannii. 
The Acacia tortilis which is very common in 
the groundwater bushland near the Great 
Ruaha river# obviously does not occur in any 
great numbers on the Kislgo alluvial fan, 
art previously anticipated. 

III Bushland with mixed acacias. The mixed Acacia 
bushland, which is a rather heterogeneous 
vegetation type,, is subdivided in the computer 
analysis into two easily recognizable vegeta- 
tion types: 

1 ) an Acacia tortilis bushland 
of rather large trees, shown 
in brick-red; 

2) a more open bushland with 
shorter trees and shrubs, for 
example, Acacia drepanolobium, 

Capparis sepiarla, Grewia bi- 
color and Balanites pedicel la- 
ris, in pale yellow colour. 

IV The Acacia kirkii bushland, which shows up 
in pale browr.ish tones, is not easy to re- 
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cogniia when it ia» as usual* associatsd 
with wst grasslands. Howsvsr* it is vary 
difficult to trace even on large scale 
aerial photos. 

V The open grasslands stand out very distinct- 
ly. The wet grasslands, 'i^ugas*, i*e. season- 
ally flooded plains, (dark blue.), are further- 
more very easy to separate from the more 

dry types of grassland (light blue) . The 
dividing line between the grassland and the 
bushland is also very distinct. This is of 
great value since other methods fail to pro- 
vide any safe method of distinguishing the 
open grasslands from the nK>re open types of 
bushland with mixed acacias. 

VI The areas with Acacia seyal have not shown up 
in the images of the computer analysis. The 
reason for this is probably their patchy 
distribution and the low cover afforded by 
their canopies, which results in their "dis- 
appearance" in the signal from the wet 
grasslands in which they occur. 

VII The riparian forest gives rise to a response, 
coded in olive on the map, similar to that 
of the Commiphora bushland. However, since 
the riparian forest is strictly limited to 
the water courses, it is easy to distinguish 
from the Commiphora bushland, which is asso- 
ciated with hills, ridges or rocky outcrops. 

Only occasionally do these two vegetation 
types merge, for example, on the steep slopes 
of the narrow river valley downstream of 
Mtera village. However, in such a narrow 
valley, the riparian forest is for natural 
reasons of very limited distribution, which 
simplifies its separation from surrounding 
vegetation types. 

VIII Land under cultivation in the past and at 
present is generally difficult to trace on 
the computer-analyzed images. There are two 
reasons for this: 

1 ) the size of the cultivated 
plots is usually rather small; 

2) the plots are often widely 
dispersed. They are therefore 
commonly surrounded by land 
with different plant cover, 
which tends to give a rather 
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complex signal, i.e. a mixtura 
of cleared areas, areas with 
some regrowth and areas with 
dense mature vegetation. 

The regrowth of abandoned farmland, although 
easily recognised on the ground by the com- 
position of its flora, may also be difficult 
to recognise on the images since it may res- 
emble the natural vegetation in density and 
other characteristics. When the cultivations 
occur in denser vegetation types, they are, 
however, easier to detect. Cultivations in 
the rather dense Commiphora bushland north 
of Kisima are thus clearly visible* 
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GEOMORPHOLOGY 


4,1 Interpretation of black and white 
aerial photos and Landsat images 

Landforms, erosion and sedimentation within the Mtera 
basin have been mapped on the scale 1:250»000 
(Strdmquist, 1976, Johansson and Strdmquist 1978), 

Fig, 33 . The map was based on interpretation of aerial 
photos and mosaics and was followed by field checks. 
Landsat images were used as a basis for the subdivi- 
sion of the landscape into land systems and land 
facets. The images were also used for preliminary 
quantification of areas affected by severe erosion. 

The interpretation was carried out on a Landsat image 
from 25th December, 1972 which in this case is at the 
beginning of the wet season. Band 5 was mainly used 
but band 7 was also used to some extent. No colour 
Infrared images were used. 

In two papers from 1976 and 1978, it was pointed out 
that the greatest advantage in using Landsat images 
instead of conventional aerial photos or aerial 
photo mosaics for land systems mapping was that the 
same grey tones prevail over large areas representing 
the same type of terrain . The tones are good indica- 
tors of soil types and drainage conditions which are 
to differences in moisture content and vegetation. 

The large-scale features of the landscape, such as 
faults, escarpments, erosional or depositlonal zones 
etc., were identified on the satellite images* However, 
it was impossible to observe on the images the 
details of the catena distribution of soils in rela- 
tion to the local variation in vegetation pattern 
and geochemical environment. 

The details of the drainage pattern could be identi- 
fied. It was possible to map quite small streams 
(5-10 m wide) on the basis of the signals from the 
surrounding riparian vegetation or from the dry sandy 
river bottoms. 

In the Mtera pilot study we have interpreted vegetation 
and geomorphological features in the four bands of 
the four available registrations over the area. The 
interpretation has not included vegetation or geo- 
morphological maps as the use of the black and 
white images is much more time consuming and the 
result much more unreliable when compared with colour 
infrared images. We consider that the black and white 
images should only be used as a supplement to the 
coloured images. We have summarized our experience in 
Table 3 . For interpretation purposes the most useful 
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Fig. 33 Land forms, erosion and sedimentation within 
the Mtera area. Rift escarpments. 2. Tectonic 
hills and inclined plateaus. 3. Pediments with 
colluvium. 4. Eroded pediments. 5. Seasonal 
streams on pediments. Kisigo alluvial fan. 

7. Recent bifurcate deposits. 8. Old stream 
channels. 9. Great Ruaha alluvial deposits. 

10. Mbugas. 11. Mbuga-like colluvial deposits. 
12. River. 13. Highway. 14. Track. (Strdmquist 





Table 3. Interpretation potential in Landsat black and white images 
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useful image is made from band 5. To cover iidiat can- 
not be interpreted from band 5# the two near-infrared 
bands Nos. 6 and 7 should be used. These two iNuids 
will primarily add information about the water and 
moisture conditions. As can be seen from the table » 
the Information in the images varies with the season. 

4.2 Interpretation of Landsat 
colour infrared images 

The comparison is based on the classification of land 
facets carried out by Strdmquist in the report by 
Johansson, 1976. The colour infrared images are 
shown in Fig. 1>'4. 

4^2j^i__Rift_escar2ments 

Major rift escarpments are found west and east of 
the Mtera basin which is located at the foot of the 
rift valley. Minor scarps and faults are found with- 
in the basin. The western rift is more distinct them 
the eastern. The major escarpments are easily identi- 
fied in all four Landsat images. In fact, this feature 
is so large that it is easy to identify in any kind 
of Landsat material. 

The identification of minor scarps and faults are 
discussed in more detail in the Clause Tectonic 
features. 

4.2.2 Tectonic hills and inclined 



Tectonic hills are common on the central plain while 
inclined plateaus are common in the eastern rift 
zone and delimited by faults and scarps. The tectonic 
hills are identified most easily on the December and 
January images as the hilltop is covered with dense 
vegetation in deep red in distinct contrast to the 
surrounding pediments which appear in tones of yellow 
on the images. The typical change in the tone of the 
pediments from higher to lower altitudes gives a 
"topographic" impression to the hills. 

On the July and September images the tectonic hills 
are also clearly visible but they do not contrast 
with the surroundings to the same extent as on the 
images from the wet season. The "topographic" effect 
of the pediments Is missing and the image looks rather 
flat. The drainage pattern on the slopes of the tec- 
tonic hills is poorly developed and the interpreta- 
tion that the hills rise above the valley bottom 
cannot be easily made. 


il 


4i?.3 


Th« iwdinents In the area occur as gently inclined 
slopes below the rift escar^ents and the tectonic 
hills. Their gradient very seld^ exceeds 2-5^ and 
the relief is extremly low. The pedin»nts are com- 
TOnly affected by sheet and fluvial erosion by sea- 
sonal streams* In certain areas extensive gully 
erosion is found* 

On the January# September and December images the 
pediments are easily recognised# as they appear in 
different nuances of yellow, in the two wet season 
images the effect of erosion can observed. With an 
increase In the portion of bare soil# the tone turns 
from dark yellow to light yellow and finally becos»s 
whitish in areas with severe erosion. All white tones 
on the images do not# however# indicate eroded land# 
as dry vegetation and especially the dry grass- 
lands are also represented in a rather similar way. 

On the July image, the pediments are quite difficult 
to delineate, although it is possible to draw the 
approximate boundaries. Only the most severely eroded 
areas appear very clearly. 

4^2^4 Alluvial_fans 

The alluvial fans consist of fine- to coarse-grained 
sediments deposited by the intermittent flowing 
streauns. The fan-like shape of the drainage pattern 
makes it possible to identify this land form. The 
great Klsigo alluvial fan at the confluence of the 
Great Ruaha and Kislgo rivers is particularly easy 
to recognize in any kind of Landsat material. 

There are several alluvial fans and alluvial cones 
along the western escarpment. They are most easily 
observed ncrth of the Kislgo river in the January 
and December images. It is also possible to detect 
these land forms in the September and March images, 
although this Interpretation is more difficult. The 
small alluvial cones south of the Kislgo river can 
be observed in the dry season images, while it is 
difficult to locate them in the wet season Images as 
the canopy covers the minor details that reveal 
their occurrence. 

The flood plains are areas along the main rivers 
which are flooded seasonally. Grain size in the 
soil ranges from sand to clay in a most complex way, 
a result of the historical build-up of the plain. 

The formation is identified from the drainage pattern 
as braided river systems, meanders, cut-off drainage 
ways, etc. It is possible to Identify the: general 
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delineation of the plains in all four images. Vegetation 
will affect i '^entif ication in more detailed studies 
of the minor parts of the flood plains ae is discuiised 
in the clausQ Drainage pattern. 

4^2.6__Hbugas 

Mbugas and mbuga**like deposits ai^ar as the wettest 
parts of the open grasslands. They are foriMd on 
sedimentary clay plains# where the mbugas are located 
on the lo%#est parts of the terrain. The mbuga->like 
deposits are a transitional form against the surround- 
ing pediments. Identification depends on the moisture 
and vegetation conditions. It is probably possible 
to identify this formation on Landsat images f»>m 
any season due to the often distinct contrast with 
the surroundings. In the four available registrations 
over the Mtera area, the n4>ugas %rare easily recognized 
on the wet season images from December and January by 
their dark appearance during flood conditions. During 
the dry season, the mbugas %rare also clearly identifi- 
able quite distinctly on the September scene, while 
in a less pronounced manner on the July image. 

4^2^7 Drainage 

The drainage pattern, including the main rivers and 
minor gullies, is quite easy to Identify. 

The primary drainage ways, the major rivers- such as 
Great Ruaha river and Kisigo river within the Mtera 
basin, can be identified from the Landsat images 
with great accuracy Independent of season. Water- 
filled streeuns are found nKDSt easily, but dry streams 
can also be traced without difficulty. 

In the secondary drainage ways, and where the river 
system is spread out as braided rivers within the 
Pawaga plain in the southern part of the basin, the 
use of Images from different seasons significantly 
increases the possibility of identifying the drainage 
ways. During the wet season, most of the drainage 
ways can be seen, but they are partly out of sight 
due to the dense canopy. In the dry season image of 
July 197^, the drainage ways are beautifully exposed 
in the Pawaga plain. 

In order to identify the minor gully dr:- .nage ways, 
it is absolutely necessary to use mult. temporal 
images. In open areas, very small gullies, 5-10 m 
wide, can be identified, since they appear in signifi- 
cant contrast to the surroundings due to changes in 
vegetation, soil conditions and slope. The identifi- 
cation is possible in both dry and wet season images, 
although the drainage pattern will appear in more 
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detail during the growing season. Parts of the pattern 
nay vanish in dry season as contrasts bec^Be weaker. 

In forrested areas# the dry season images are 
superior as the drainage pattern is visible even 
with regard to minor detail. During the wet Mason# 
the covering canopy hides much of the drainage ways 
which leads to an uncertain and schematic result. 

Thus# to obtain the best information about the drainage 
pattern several images from different seasons should 
be studied and interpreted. 

The occurence of different drainage patterns can be 
found over the entire Ntera scene. An exaiqple of 
the effect of seasonal variability is the eroded 
soils east of the Great Ruaha river. In cosparison 
with the best available map of the region# the geologi- 
cal map Izazi on the scale 1{125#000# the interpreta- 
tion of Landsat images gives a n^re detailed drainage 
pattern. The topography on the geological map is 
derived from 1951 and 1959. The differences might 
reflect changes in the drainage ways during the period 
from the mapping to the Landsat registration. The 
varying amount of detail might also depend on differ- 
ent views about generalization of the maps. Fig. 34 
shows a c(»Rparlson between the drainage pattern on 
the geological map and from Landsat for a small area 
in the southeastern part of the Mtera basin. 

The drainage pattern provides Information regarding 
the physical characteristics of the ground such as 
soil and erosion condltj ns. The overall view that 
Landsat provides gives us the opportunity to interpret 
and compare the conditions over large areas. However# 
the resolution of the present Landsat generation does 
not allow a careful analysis of the smallest element 
of the pattern, the very form of the gullies# that is 
the most useful criteria in the evaluation r e csion. 
During the seven year period of the avc. . ' .'"»t 

images, no significant change can be ol ~ 
dralnage pattern indicating changes in 

By combining the most useful data from v 
able Landsat images# a rather detailed c. 
can be compiled. The information used to p 
drainage pattern of the figure is summarized. 

Table 4. 



A. according to the geological map B. according to Landsat 
Izazi 

Fig. 34 Drainage pattern on the eroded slope east of the Great Ruaha 
river 
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Table 4. Interpretation potential with regard to 

geomorpho logical features in four Landsat 
colour infrared images 


Geoiw>rphological 

feature 


Satellite 

image 


Dry season 
Sep 28th 
1972 

Early wet season 

Dec 25th 

1972 

Wet season 
Jan 7th 
1974 

Dry season 
Jul 25 
1979 

Rift escarpments 

+/+♦ 

+/++ 


+/♦+ 

Tectonic hills and 
inclined plateaus 

+ 

+•¥ 



Pediments 

++ 

++ 

++ 

+/- 

Alluvial fans 

+ 

+/++ 

+/++ 

+ 

Flood plains 

++ 

++ 

++ 


Mbugas 

++ 

++ 

++ 

+ 

Primary drainage 
ways 

++ 

++ 


++ 

Secondary drainage 
ways in open terrain 

++ 

++ 

++ 

++ 

Secondary drainage 
ways in forested 
terrain 

+•»■ 


+/++ 


Gullies in open 
terrain 

++ 


++ 

+ 

Gullies in forested 
terrain 

+ 

-/ + 

-/+ 

++ 


Legend: - indistict or impossible to trace 

+ possible to trace 
++ very distinct 


4.2.8 Tectonic features 


Linear features may reflect several structural elements 
of the bedrock such as faults, joints, dikes, contacts 
or schistosity. Aerial photos are superior for identi- 
fication and for interpretation of the many linear 
features but as they only cover small areas many 
linearities may not be identified. The Landsat coverage 
of large areas facilitates the identification of a 
more structural pattern than the areal photos alone 
can achieve. The satellite images reveal several 
linear features around the Mtera basin which are not 
presented on available geological maps. In comparison 
with aerial photographs the Landsat images in this 
case have a great advantage as they are multitemporal 


Detectable on all Images 

" primarily on the image 1972-09-26 

H .. H I. « 1972-12-25 

H H H » H 1974-01-07 

H M I. H H 1979-07-25 
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Fig. 35A Tectonic features interpretated from four 
Landsat colour infrared images 


Fig. 35B Tectonic features, thick lines, and dykes 
according to the geological map Izazi 




which means that it Is possible to collect informa- 
tion from different seasons with different condi- 
tions as regards vegetation, moisture, sun angle, 
etc. Aerial photos are normally taken during the 
dry season when the use of these parameters is at a 
minimum. In many areas, the aerial photos from one 
single occasion are only available in black and white. 

The linear features have been interpreted in the four 
Landsat images. A number of major lineaments are 
clearly identified in all four images. However, most 
linear features are only visible in one or two of 
the images. This stresses the fact that the inter- 
pr^'ter shall use multitemporal images in order to 
to achieve the best results. If only one image has to 
be selected, registrations from the growing season 
contain most of the information required. 

The tectonic map on Fig. 35 has been compiled from 
the interpretation of all four images. Preference is 
given to the image in which the individual lineament 
is roost easily identified. Comparison is also made 
with the information on the available geological map 
Izazi on the original scale 1:125 000. 

4.3 Tectonic features through 
differential edge enhancement 


The Landsat registrations contain information about 
linear features, which it is not possible to detect 
by interpretation of the satellite images. By edge 
enhancement it is possible to exaggerate changes in 
the scene and thus detect lineaments. On Fig. 36 
enhancement is carried out by translation in four 
directions of band 5 from the January registration. 
The translation was carried out on an area of 512x 
512 pixels. The Mtera dam site is located in the 
eastern central margin of the pictures. The transla- 
tion directions are northwest-southeast, north-east- 
southwest, north-south and east-west. In all examples 
the translation is one pixel. 

In the figures, many of the lineaments are derived 
from rivers and small streams. The major tectonic 
features which were interpreted from the false colour 
images and shown in Fig. 35 are all found in some of 
the enhanced pictures. In addition, three more linear 
systems reflecting tectonic features can be seen, as 
indicated in Fig. 36. 





Fig. 36C Translation N-S 


Fig. 36D Translation E-W 
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Fig. 36E Tectonic features as 
interpreted from 
Landsat colour infra- 
red images 


Fig. 36F Tectonic features de- 
rived from edge enhance- 
ment. Thick lines show 
major fracture lines. 

Thin lines indicate frac- 
ture pattern derived from 
edge enhancement accord- 





5. MULTZTBIIPOSAL CLASS IF ICATIC»i 

AND CHANGE DETBCTZCm 

5.1 Classification wi^ sight 

spsctral bands 

Hie initial c(»^ter classification was carrisd out 
using four spectral bands of the wet season registra- 
tions of 1974-01-07. Nomally, the growing season is 
the most suitable time to classify different vegeta- 
tion types. However# to obtain a complete picture of 
the distribution of vegetation types it is wise to 
use several registrations from the growing season. 

This is normal procedure and thus not tested in this 
study. Instead in our tests %re have used the eight spec- 
tral bands from one wet season and one dry season 
registration to study what could be gained from such 
contradictionary ground conditions. 

There are certain difficulties locate to images to 
each other where this has to rely on terrain features 
such as rivers and vegetation boundaries. In semi- 
arid areas like in Ntera the images differ greatly 
from a wet to a dry season. This will influence upon 
the apperance of the terrain features and obviously 
change boundaries# river courses# etc. 

Training areas were initially selected and refined 
from the January wet season registration. The 30 
training areas finally selected were then transferred 
to and retrained on the September scene of 1972. 

These dry season training areas were then adjusted 
cmd refined until the new classes were satisfactorily 
clean with gaussian-shaped statistics. Finally# the 
adjusted training areas were retrained on the January 
scene to cover the same pixels. The spectral n^an 
values for the 30 soil and vegetation signatures of 
the eight spectral bands are plotted on Fig. 37A-C . 

The complete statistics are presented in Appendix 2 . 

The final map of the reservoir area is presented on 
Fig. 38 

The results show a much more varied separation of 
classes in comparison with classification from one 
registration only. The grasslands and eroded soils 
in particular are more diversified# as are the vegeta- 
tion classes but to a lesser extent# cf: Fig. 39. 

The number of unclassified pixels has also decreased. 

The spectral mean values Illustrated on Fig. 37A-C 
show that training areas of the different classes 
appear in distinct signatures both during wet and dry 
seasons. In the wet season diagrams# the denser vegeta- 
tion shows a typical S-shaped signature curve# such 
as that associated with Commiphora bushland and Acacia 
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kirkll. During the dry season, only the groundwater 
bushland and the riparian vegetation appear in 
S~shape, although the curves are much flatter. 

The mbuga grassland is a complex class. In the wet 
season the training areas MBUG 4 and 6 represent 
growing areas. MBUG 2 and 3 are only slightly green, 
while MBUG 1 and 5 have still not started growing 
but are covered with dry, old grass. In the dry sea- 
son all the mbuga training areas are covered with 
dry grass. There are still clear differences between 
the three groups of mbugas MBUG 4 and 6 , 2 and 3 , 

1 and 5. In fact the differnces between the groups 
have increased, thus making it possible to better 
separate the different grasslands within the mbugas 
than in the wet season registration. 

A similar pattern can be seen from the signatures of 
bushland with mixed acacias. The training areas AX 1 
and BUSH 1 contain a rather large amount of vegetation 
while AX 2 contains more grass or bare soil during 
the wet season. 

The signatures of the vegetation class acacia tortilis, 
TORT 1-3, show that the trees are quite widely spaced. 
The spectral values are strongly affected by the 
field layer which is dominated by grass. This can be 
seen from the wet season curves while the dry season 
curves reflect the dry vegetation. 

The eroded pediments, ERP 1-3 and DREP 1-3, show al- 
most identical signatures in both seasons. There is 
a slight tendency towards there being less sparse 
vegetation in the eroded pediments where acacia 
drepanolobium, DREP 1-3, can be traced during the wet 
season. 
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INTENSITY LEVEL 


Legend: EBP 
MIN 

AX<i-BUSH 

> eroded pediaents 

- brachyetegla bushland 

> bushland with mixed acacia 

GRMB 

> groundwater bushland 

original paqi is 

DRY SEASON 

WET SEASON 

OF POOR QUALITY 

LANOSAT SCENE 
1972-09-26 

UNDSAT SCENE 
1974-01-07 



Fig. 37A Spectral mean values for soil and vegetation signatures 
of eight spectral bands used for multitemporal classifi 
cation. The intensity levels of band 7 are multiplied 
by 2 








Legend: TORT » acacia tortllis 
KIRK - acacia klrkli 
GRASS » grassland 
COM a coaaiphora bushland 



Fig. 37B Spectral mean values for soil and vegetation signatures 
of eight spectral bands used for multitemporal classifi- 
cation. The intensity levels of band 7 are multiplied 
by 2 
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DRY SEASON 
LANDSAT SCENE 


Legend: DREP -• eroded pedinente with itoacle drepanoic^lus 
REP B riparian vegetation 
MBUG > mbuga grassland 

WcT olAoUN op po^ HI|., 

LANDSAT SCENE 



Fig. 37C Spectral mean values for soil and vegetation signatures 
of eight spectral bands used for multitemporal classifi- 
cation. The intensity levels of h -id 7 are multiplied 
by 2 
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LEGEND 


Dark red" red 

■ 

Riparian vegetation 

Pink 

a 

Acacia kirkii 

Red 

m 

Brachyetegia bushland 

Purple 

m 

Bushland 

Dark green 

a 

Coimsiphora bushland 

Medium green 

a 

Acacia tortilis 

Light green 

3 

groundwater bushland 

Blue shades 

S 

open grassland 

yellow 

- 

eroded bushland 

Bluish grey 

a 

eroded pediments with Acacia 
drepanolol>.'.\im 

Brown 

3 

severely eroded bushland 
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Fig 38 Soil and vegetation map from multitemporal 
classification 




5.2 Changes in forest cover 
1972-1979 


Through comparison of two registrations # it is poss- 
ible to detect certain changes that have taken place. 
In Mtera it is es{^cially interesting to register 
the changes in forest cover » as this is the first 
step towards land erosion. The speed of forest clear- 
cutting is high enough to permit detection of change 
within a seven-year time interval. It is even more 
important to follow the phenomenon of active soil 
erosion. However, it has not been possible to detect 
the increase in soil erosion that has taken place 
within the period 1972-1979 as the speed of erosion 
seems to have been too low to permit detection from 
Landsat registrations. 

To detect changes in forest cover registrations from 
the same season should be used. In the Mtera study# 
we have used two dry season registrations from 1972- 
09-28 and 1979-07-25. 

The chlorphyll content is best visible in band 5. 
Changes to higher reflection in band 5 l.e.# changes 
in chlorophyll content, could be mapped by digital 

subtraction of the 1972 image from 1979, and by 
addi+-ion. if necessary, of negative mean intensity 
changes from the 1972 to the 1979 image. The number of 
unclassified pixels has also decreased. 

Clear-cut areas can now be defined as those that have 
been mapped as forest areas in the 1972 image and that 
have changed to higher Intensity to a greater degree 
than changes in mean image intensity from the 1972 
to the 1979 image. 

The result of this procedure shows that large forested 
areas have been cleared over the seven year period. 

The clear cut areas are concentrated to the margins 
of the open farmlands above the escarpments. The 
changes are presented on Fig. 39. The image has been 
smoothed to remove isolated pixels. The changes in 
forest cover can also, to some degree, be interpreted 
from the photographic images but with less accuracy 
and with an increase in the amount of time required 
for two task, cf. Fig. 1-4. 


70 



Changes in forest cover 1972-1979 north (top) and south (bottom) 
of the Mtera dam site. The felling and burning of trees and 
shrubs to obtain farmland during the seven year period is shown 
in red on the pictures. The changes are clearly concentrated 
around the existing farmlands appearing in light grey-tones. 
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Fig. 40 Impact of shiftning cultivation practice 
on the landscape, Dodoma district, Nov. 

1975. 

Shifting cultivation, i.e. the felling and burning 
of trees and shrubs, to obtain farmland, is a very 
destructive land use practice. The forest which 
originally covered the whole landscape in the pic- 
ture, now only remains on the steep hillsides and 
the peaks. The most recent clearings, to be culti- 
vated in the comming wet season, are visible by 
their ash-grey tone. Lower down the slopes abandoned 
farmlands, which still are devoid of trees and shrubs 
are recognized by their pale later'itic soils. Old 
farming areas further down have ;-aen severely eroded. 
The numerous gullies can easily be traced by the dark 
stripes of bushes which colonize their bottoms. 



REFERENCES 


(M«aNAL PAGE IS 
OF POOR QUALITY 


Blodgetf H.» et al., (1978). Discrimlnaticm of rock 
classes and alternation products in southii^stem 
Saudi Arabia with coraputer-cnhanced Landsat data, 
NASA Technical, pp. 1327 

German Geological Mapping Mission in Tanzania, (1974). 
Qarter degree sheet 197 Zzazi. 

Hauska, H., Karstr5m, U., and Klhlblom, U., (1978). 
Remote sensing potential for hydrology in develop- 
ing countries. Nordic Hydrological Meeting on 
Hydrology in Developing Countries. Nord-Torpa 
Norway, 21-23 Nov. 1978. 

Johansson, D., (1976). Vegetation of the Mtera basin 
with reference to the Impoundir^nt . In SWECO/ 
TANESCO, 1976. 

Johansson, D., and StrOmquist, L., (1978). Interpreta- 
tion of geomorphology and vegetation of LANDSAT 
satellite images from semi -arid central Tanzania. 
Norsk geogr. Tidsskr. Vol. 32, pp. 49-54, Oslo. 

Klhlblom, U., and Hauska, H., (1978). Land-use classi- 
fication in central Iran using Landsat-2 satellite 
registrations. Nordic Hydrological Conference and 
Second Nordic IHP Meeting. 

Klhlblom, U., (1979). Mapping from space by means of 
satellite, Swedish Civil Engineering 1979. 

Kihlblom, U. , and Johansson, D. , (1980). Remote sens- 
ing of earth resources - Environmental impact 
assessment, Mtera reservoir, Tanzania, V'iB 
Special Report 21:80.4. 

Kihlblom, u. , and Fr5man, B. , (1980). Remote sensing 
of earth resources - Agricultural planning, 

Abha action master plans, Saudi Arabia. VBB 
Special Report 21:80.5. 

Kihlblom, 0., (1980). Remote sensing of earth re- 
sources - Bathymetric mapping, Thaniyat infra- 
structure study, Saudi Arabia. VBB Special Report 
21:80.6. 

Rapp, A., and Hellddn, U., (1979). Research on environ 
mental monitoring methods for land-use planning 
in African drylands. Rapporter och Notiser. No. 42 
Lunds Universitets Naturgeograf iska Inst. 

Stromquist, L. , (1976). Land systems of the Great 

Ruaha drainage basin upstream the Mtera dam site. 
In SWECO/TANESCO 1976. 


73 


REFERENCES (cont.) 


Str5mqulst, L. , and Johansson, D. , (1978). Studies of 
soil erosion and sedin^nt transport in the Ntera 
Reservoir Region, Central Tanzania. 

SWTCO/TANESCO , (1976). Great Ruaha Power Project, 
Tanzania. Ecological Studies of the Mtera Basin. 
Stoc)cholm. 

SWECO/TANESCO, (1977a) . Great Ruaha Power Project, 
Tanzania. Land-use and conservation potential 
of the proposed Mtera reservoir region, Tanzania. 
Stoclcholm 

SWECO/TANESCO, (1977b). Great Ruaha Power Project, 
Tanzania. Studies of soil erosion. Vegetation 
and Pluvial Transport of Mtera Reservoir Region, 
Tanzania . Stockholm . 

SWECO/TANESCO, (1978a) . Great Ruaha Power Project, 
Tanzania. Expected environmental changes below 
the Mtera reservoir. Stockholm. 

SWECO/TANESCO, (1978b). Great Ruaha Power >ject, 

Tanzania. Additional stua^es of the Mcur.^ reservoir 
region. A Archaeological survey. B. Tourist 
potential. Stockholm. 

SWECO/TANESCO, (1979). Great Ruaha Power Project, 
Tanzania. Proposal for the implementation of 
the ecological recommendations for the Mtera 
reservoir region, I Bushclearing. 


74 


ORU^NAL PAGE IS 
OF POOR QUALITY 


Appendix 1 


Statistics 

of 31 signatures selected froa originally 49 training 
areas of the Mtera Landsat scene, 1974-01-07 
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Band 4 

Band 5 

Bemd 6 

Band 7 

1 UT: MTITRA 23/5 

. SIGNATURE; iJ . 

nrSCRIPTOR; MAPI 

|!A3J:n IlfUN 
Mr AN: 

• 1 

1 fRAININO 

SAMPI.IIS 
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Band 4 


Band 5 Band 6 


rUM MTHRA ?a/V. . RlGI^TUfr: 16 . 

7470, TRAINTNC. 


Ml AN: 

O. H)7 

mvAr?tANr:i- 
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0. A9903B^:^■01 
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0. 1793?"i2E4-00 
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0. 2l6073f J'01 
0 707^91 r-Kii 
0. 299 23 IF +01 
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l!Af:iZn MI’fiN 1251 TRAINING 
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GOVARIANCC: 
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23/5 . SIGNATURE; IS , 
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ril.r. MTERA 
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MEAN: 
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I:! 4 ? 7 , 


. .SIGNATURE: 
nVAiNING 3AMPI r.S 


20 


I 

i !A3i:n I If 'I IN 
Ml AN: 

O 3A9803EIO7 
r.i iVAfMANCE 
o 2455A7E. J01 
0. .I9 /0.50E+01 
0 1.9907/.r!Ol 
0 3S14A3Ei00 


O 3‘'4544r io7 

O 1970501 !()1 
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Band 4 Band 5 

I Jl.l : HrrRA ^3/f.i 
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Band 6 Band 7 

SJONATURt.; 27 , DI BCRIPTOR: HRS5 
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0. 22 J 5370 +02 

rnvARTANaz 

n. 1'!099?!| 4 02 

0 

)22JS2r.4 02 

0 AB090^riOi 

0 25I760E401 

0. 1221S2G^02 

0. 

229628G402 

0. 117104002 

0. 412915Ef01 

0 Af!(49<>Ar4 01 

0 

) 171041:402 

0 907767E+01 

0 2681 07E 401 

0. 2rli7A0Ci 01 

0. 

412915E4-01 

0. 28G107E4 01 

0. 1774370 +01 

riLi:: MTERA 23 /s 

, S 

IGNATIIRE: 29 , 

DESCRIPTOR: GRA4 

RA!.:r:n i.iim in 
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0 I05455r!02 

0. ::i5824E+CI 

0 70r.) ) 2l. :01 

(T 

) O! .4!.7.T ! 02 

O ) 20; 1291' I < >2 

O !>) 5)0400) 

0. 3: !94f.,ir! 0l 

0. 

G 1 .-i3740 n 1 

0 5.15»04F!0.I 

0. 32435A^fOI 

1 III : MTCRA 2: 

•I/t. 

» 3 

IGNATIIRf;: 3J . 

DESCRIPTOR; SI Vi 

) :A; ;rn nr t in 

A:' 

13 rrmiNiNG 

GAMPl. i 3 


Ml. AN. 

O 33Z.9 ) 91 1 

{■» 

4A3A02f ’> 92 

O * .3: :<<.39r ! <'»2 

O 2772331:10? 

ITIVAR 1 and: 

n )f:0904nO) 

0 

34099 '. r 1 <Ti 

0 157/7.20 01 

C. 327409r iOn 

0. 340995G101 

0. 

1345500 02 

0. 1027170 02 

0. 224684L H? f 

0 J !i:./0.^.2r:! O j 

0 

) 027) 71' 102 

O 992)0)riO) 
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0. 3274090 00 

0. 

224A34G!01 

0. 175A12O01 

0 371347EI00 

rnr mtcra 2 ;: 

T/5 

» •:.» 

IGNATIlRr.; 32 . 

nrSCRIPTOR: FP3 

oAr;! p niT iN 

1 

2 , IRAINTNG 

3AMIT r:r; 


Ml AN: 

n ' : :09) 3i: 1 iiv 


2) :':3n9r -: < »2 

o ;‘;4 1 42/.r 1 02 

O lA402:Tri02 

mvor^TANCf: 

n ) 290231 40) 

0 

3903A9IM 00 

O 903/.910 00 

0 /.4A973r- 01 

0. 390369GI 00 

0. 

2i3037r:4 0,i 

0. 1029790 01 

0. lA5039Gf0O 
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Appendix 2 


Statistics 

o£ 30 signatures for multi temporal classification 
of the Mtera Landsat scenes 1972-09-26 and 1974- 
01-07 


WIQINAL PAGE 19 
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Description Legend: 


MBUG 

S 

mbuga grassland 

MIM 

« brachystegla 

DREP 

S 

acacia drepano- 


bushland 



lobium 

GRWM 

= groundwater bush- 

TORT 

s 

acacia tortllls 


land 

KIRK 

s 

acacia kirkii 

AX + 

= bushland with mixed 

COM 

= 

commiphora bushland 

BUSH 

acacias 

FARM 

= 

farm land 

GRASS 

= grassland 

ERP 

s 

eroded pediments 

REP 

- riparian vegetation 


Landsat 

scene 

1972-09- 

26 

Landsat scene 

1974-01-07 


Band 4 Band 5 

Band 6 

Band 7 

Band 4 

Band 5 

Band 6 

Band 7 

fii.f:: mtera 



SIGNATURE: 1 . 

nrSCRIPTOR: MBUGl 


upon 

492 

TRAINING SAMPLES 





MEAN: 







19 


50. 7 

f:J5. 0 

50. 8 

21 6 

44 A 

48. 0 

4A. 5 

C! 

c.nv,i.nANr.E 









2. 1 

J. i 

O 5 

-0 4 

0. 7 

1. 1 

0. 3 

-0 

1 

1 1 

9 4 

L 2 

0. 3 

0. 2 

0. 3 

■0. 2 

0. 

• “* 

0 5 

1 2 

•••*• •».* 

0, 8 

0. J 

0. r» 

0 2 

0. 

1 

0 4 

0 3 

0. S 

1 2 

• -0 3 

- 0. 8 

0 0 

0 

0 

<■», 7 

O 2 

o 1 

- 0 3 

8. 6 

JO. 1 

7 3 



1 1 

0. 3 

0 0 

0. S 

10. 1 

15. 3 

to 2 


I "i 

(■> 3 

■0. 2 

0. 2 

n o 

7. 3 

10 2 

9 9 

3. 

J 

•0 1 

0 3 

0 t 

■0. 0 


•** «■-* 
.% . t 

3 1 

7 

• •# 

nt I’; MTCTRA 


t 

SIGNATURE; 2 , 

nrSCRIPTnR; M8in: 



liArir ri iifriN 

9 1 4 

ERA INI NO SAMPl.r 

1 





MEAN 







J4 

7 

45 4 

47 2 

44 2 

J8. 9 

5 

34 1 

-•4. *!.* 

r:nvA!?f/'.Nr:p 







(■». 


:■ 1 « 1 

2. 0 

1 3 

O 4 

1 1 

1 A 

3. 9 


7 ( ') 

5 

2. 1 

O '? 

0 9 

1 5 

7 . O 

0. 

( 4 

1 ::r! 

2. 1 

9 

1 3 

O. A 

n 9 

1 4 

0. 


0 4 

0 9 

\ 3 

1, 2 

0 7 

0 3 

0 

0 

* '\ 

] i 

r» 9 

0 A 

0 2 

2 0 

1. 4 

I. 5 

0 

t* 

1. A 

1 5 

0 9 

0 3 

1 4 

3 4 

2. 3 

0 


). 9 

2 n 

1 4 

0 .5 

1 5 

2. 3 

4 4 

1 

3 

0 !:l 

0 !=: 

0 !:! 

0 3 

0 / 

0 9 

1. : •! 

t 

4 

ril. E: MTEf^^i 


SIGNATURE 3 , 

DESCRIPTOR: MDUGS 


UfMiM 

1 1 2f; 

i. IRA IN IMG :>AMPl..l 






MEAN 






29, A 



40 8 

41 5 

39. A 

17 3 

33. 5 

31 3 

3 2. 

■ ' 

COVAR'TANr:! : 







(■» 


’■* 

J * 

’.j! 

(1 7 

O 3 

3 

<■». 7 

3. 

■ -/ 9 

A 4 

^ 0 

■ i 

0 A 

0 9 

0 

0 

0 


5 O 

7 4 

7 

8 

1 3 

L# f' 

( 1 

•' 

O ■/ 

1 

/ 

1 3 

0 4 

0 /. 

0 *1 

i.t 

1 

.1 

1 i /. 

1 ! I ! 

( > 

) 

) ’> 

1 

i f 

' ' 

o ; "! 

I) •// 

1 ! 

0 /. 

! 9 

4 7i 

i 1 

1 

. • 

( ' 2 

S 

0 E! 

0 4 

3 S 

3 

4 4 

1 




_ .O .5 

<11 - 

0 9 


1 A 

J 

.'A. J 
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Landsat scene 1972-09-26 


Band 4 Band 5 Band 6 Band 7 
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OF POOR QUALITY 


Landsat scene 1974-01-07 


Band 4 Band 5 Band 6 Band 7 


ril.E: MTHRA 



. SIGNATURE: 

4 . 

DESCRIPTOR: MBUG4 

UPON 

826. 

TRAINING SAMPLES 





MEAN: 








43. 6 

45. 4 

43 2 

19. 1 33. 0 

29. 8 

38. 8 

18. 4 

CnVAPIANCE: 








2. 5 

2. 0 

1. 6 

0. 5 L 

5 

1. 9 

0. 1 

-0. 2 

2 0 

4. 3 

2. 7 

1. 2 2. 

3 

3. 3 

0. 9 

-0. 3 

1. 6 

2. 7 

4. 0 

1. 2 2. 

i 

2. 8 

1. 0 

0. 0 

0. 5 

!. 2 

t. 2 

1. 1 0. 

9 

1. 3 

1. 0 

0. 3 

1. 5 

2. 3 

2. 1 

0. 9 4. 

5 

5. 1 

1. 4 

0. 3 

1. 9 

3. 3 

2. 8 

1. 3 5. 

1 

8. 4 

2. 1 

0. 3 

0. 1 

0. 9 

1 0 

1. 0 1. 4 

2 . 1 

4. 2 

1. 1 

0. 2 

- 0. 3 

0. 0 

0. 3 0. 

3 

0. 3 

1. t 

1. 3 

FILE: MTERA 


, SIGNATURE: 

5 . 

DESCRIPTOR: DREPl 

BASED UPON 

93. 

TRAINING SAMPLES 





MEAN; 








66. 2 

77. 5 

72. 0 

31. 1 68. 

3 

78. 2 

73. 3 

30. 9 

COVARIANCE: 








16. 7 

24. 2 

20. 1 

7. 8 6. 

9 

6. 2 

6. 9 

2. 0 

24. 2 

37. 5 

29. 2 

11.8 7. 

1 

7. 6 

9. 6 

2. 6 

20. 1 

29. 2 

27. 4 

9. 8 7 

3 

6. 9 

9. 4 

2. 5 

/. S 

11, 8 

9. 8 

4. 6 2. 

7 

2. 8 

3. 6 

1. 0 

6. 9 

7. 1 

7 3 

2. 7 12. 6 

9. 2 

8. 1 

3. 2 

6 2 

7. 6 

6. 9 

2. 8 9. 

2 

1 1. 9 

8. 7 

3. 7 

6. 9 

9, 6 

9. 4 

3. 6 8. 

1 

8. 7 

11. 9 

3. 3 

2. 0 

2. 6 

2. 5 

1. 0 3. 

2 

3. 7 

3. 3 

2. 0 

FILE: MTERA 


, SIGNATURE: 

6 > 

DESCRIPTOR: DREP2 

BASED UPON 

/07. 

TRAINING SAMPLES 





MEAN; 








60. 6 

65. 0 

61. 0 

27. 0 60. 

7 

65. 0 

62. 7 

26. 8 

COVARIANCE: 








2. 8 

2. 5 

1. 9 

0. 8 1, 

8 

2. 0 

2. 0 

0. 5 

2. S 

6. 2 

3. 0 

1. 3 3. 

2 

3. 5 

3. 2 

1. 0 

1. 9 

3. 0 

4. 7 

12 2. 

8 

3. 0 

2. 7 

0. 9 

0. 8 

1. 3 

1. 2 

1. 0 1. 

1 

1. 1 

1 2 

0. 8 

1. 8 

3. 2 

2. 8 

1.1 6. 

1 

5. 3 

5. 0 

1. 7 

2 0 

3 5 

3 0 

1. 1 5 

8 

8. 5 

6. 2 

2. 0 

2. 0 

•• « 

2. 7 

1. 2 5. 

0 

6. 2 

9. 7 

2. 3 

0. 5 

L 0 

0. 9 

0. 3 1 

7 

2. 0 

2. 3 

1. 4 

FILE: MTERA 


, SIGNATURE: 

7 , 

DE.SCRIPTOR: DREP3 

BASEKi UPON 

926. 

TRAINING SAMPLES 




1 

MEAN 








61 9 

67 7 

63. 2 

27. 9 58. 

2 

64. 7 

65. 1 

28. 6 

CnVARTANr'E 








14. 6 

14. 3 

11. 5 

4 9 1.3. 

5 

12. 2 

10. .3 

4. 0 

14. 8 

21 . 8 

16 7 

/. 2 15 

2 

18, 5 

15. 2 

5. 8 

11.5 

16 7 

16 7 

6. 3 12. 

3 

15. 9 

13. 6 

5. 0 

4 9 

/ 2 

6 3 

3. 2 5. 


7. 0 

5. 9 

2 . 1 

18. ? 

15 2 

12. 3 

5. 3 22. 

8 

23. 9 

18. 6 

6. 7 

12 :> 

18. 5 

15 9 

7. 0 23. 

9 

37. 0 

27. 1 

9. 1 

10. 3 

15. 2 

13. 6 

5 9 18. 6 

27 1 

24. 7 

7. 6 

4 0 

5. 0 

5 0 

2. 1 6 

7 

9. 1 

7 6 

3. 5 
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Landaat scene 1972-09-26 Landsat scene 1974-01-07 

Band 4 Band 5 Band 6 Band 7 Band 4 Band 5 Band 6 Band 7 


rilE:: MTERA 



, SIGNATURE: 8 , 

DESCRIPTOR TORT! 

UPON 

1229 . 

TRAIN! NO 3AMPU 

:'S 




MEAN: 








49. 9 

60. 9 

59 4 

2-f». 3 

42. 2 

54 5 

59. 2 

26. 5 

CnVARTANi:^i- 








5. 0 

4. 8 

4. 8 

2. 1 

2 4 

5. 3 

3. 2 

1 A 

4. t? 

9 1 

7 7 

3. t 

4. 6 

to 1 

A 0 

7 2. 

4 0 

7. 7 

10 3 

3. 5 

4. 6 

10. 4 

6. 7 

7. 4 

2. t 

3. 1 

3. 5 

t 9 

1. 9 

4. 2 

2. .*■! 

1 0 

2 4 

4 6 

4 6 

1 9 

7. 0 

12. 9 

8, 5 

7. 8 

S. ;.3 

to. 1 

to 4 

4. 2 

12. 9 

30 t 

19 1 

A 0 

3 ? 

0 

6 7 

2. 8 

8. 5 

19 1 

17 2 

4. 7 

1. 0 

2, ? 

2 4 

t. 0 

2 8 

6 0 

4 7 

2. 2 

FUr; MTEF'A 



, SIGNATURE: 9 , 

DESCRIF'TOR: TORT? 

nA3i-:i:i upon 

J 49 /. 

THACNINO 'oAMPl.SrlS 




MEAN: 








48. 4 

r>9 6 

57. 9 

25. 7 

39, 8 

50. 3 

55 9 

24 9 

cnvAPfANn-: 








9 2 

4. 1 

3. 6 

2. 2 

5. 0 

0. 8 

0. 7 

O 7 

4. 1 

3 0 

A / 

3 0 

3. 2 

A 3 

4. .‘*t 

1 A 

3 ^ 

6 7 

9, 5 

3. 5 

2. 2 

6 7 

4 9 

1 5 

•.>. 2 

3 0 

3. 5 

2 2 

t t 

2 3 

1 9 

0 / 

5 0 

3. 2 

2, 2 

1 1 

11. 1 

J.2. 9 

7 2 

. «. 

0 3 

A 3 

A. 7 

•' V • "• 

12 9 

34 f‘\ 

\S 7 

4 7 

<\ 7 

4 5 

4 9 

1. 9 

7. 2 

18 7 

14 7 

3 A 

0 / 

t A 

t 

0, 7 

2 2 

4 / 


1 7 

ril.E: MTERA 


, SIGNATURE: K' . 

DESCRIPTOR: K 

IRKI 

HAr-rn iiiwin 

280 

IRAtNTNG GAMPIJ 

:.S 




MEAN; 








4?;! 2 

SCI / 

48 4 

2<» 9 

4 

3<>, 2 

:!9 1 

) / ' V 

niiMARIANCE: 








5. 6 

f.. 7 

4 9 

2, 4 

1 4 

1 7 

A 3 

<■» 2 

f-i / 

9 A 

6 9 

5 

2 t 

4 

-0 0 

-0 

4 9 

6 9 

7 4 

3. 0 

1 7 

2. 5 

0 2 

0 1 

2 4 


3 0 

1 9 

1 0 

1 5 

0, 0 

-0 1 

1. 4 

2 j 

1 7 

1 0 

2. 9 

3. 7 

1 4 

o 2 

1 7 

3 4 

2, 5 

1 5 

3. 7 

7 

t A 

0 1 

O 3 

-0 0 

- 0. 2 

0 0 

1. 4 

1 6 

4, 2 

<"• 8 

•D V? 

0. A 

-0 t 

0 1 

0 2 

0 1 

0 3 

1 4 


ril E: MTERA 
l:ASi-D Upi;iN 

t 400. 

. SIGNATURE; 11 , 
TRAIN INC. SAMPLES 

, DESCRIPTOR 

C:0M 1 



MEAN; 


'■*■7 c* 

. f . 0 

37. 3 

lA 8 25 7 

18 n 

43. 

Cl 

A’ 

4 

i::nvARTANrr: 

1. 6 

1 3 

1 2 

0 A 0 3 

1 J 

(■» 

2 

0 


l. 3 

5 1 

3 8 

t A t 1 

• p* • -* 

0 

■■■! 

0 

■ ♦ 

1 2 

*T« C> 
•».* ■ 

5 

LA LI 

C* . 

(■» 

4 

■Cl 


0 A 

t 6 

1 A 

11 C 5 

L 4 

0 

*./ 

0 

1 

*"• 3 

1 1 

1 1 

(• 5 15 

1 7 

r» 

\ 

< t 


t 1 

3 3 

3 ; ■! 

14 17 

A ■/ 

»> 

0 

0 

• > 

0 2 

0. 3 

0 4 

0 2 0 1 

0 . 0 



Cl, 


0 2 

0. 3 

0, 2 

0 1 -0 3 

■0 9 

0 

• > 

1 

‘ *• 
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Landsat acena 1972-09-26 


Band 4 Band 5 Band 6 Band 7 


PAGE m 
OF POOR QUAUIY 


Iiandiat acena 1974-01-07 


Band 4 Band 5 Band 6 Band 7 


rU.E: MTERA 



. SIC»MTURE: 12 i 

DESCRIPTOR: MBU05 

BAGED UPON 

550. 

TRAINING 8AI«»LES 




HE AN; 








55. 5 

62. 4 

60. 6 

26. 6 

45. 0 

48. 0 

44. 6 

18. 8 

COVARIANCE: 








3. 9 

4. 1 

4. 6 

2. 0 

2. 4 

2. 8 

2. 3 

0. 8 

4. 1 

9. 6 

9. 7 

4. 7 

3. 5 

4. 4 

3. 9 

1. 5 

4. 6 

9. 7 

15. 3 

6. 7 

3. 4 

4. 4 

4. 7 

2. 0 

Z 0 

4. 7 

6. 7 

3. 9 

t. 4 

1. 7 

2. 2 

1. 0 

2. 4 

3. 5 

3. 4 

1. 4 

6. 3 

7. 2 

5. 0 

1. 9 

2. 0 

4. 4 

4. 4 

1. 7 

7. 2 

11. 2 

6. 8 

2. 6 

2. 3 

3. 9 

4. 7 

2. 2 

5 0 

6. 8 

6. 9 

2. 2 

0. 8 

1. 5 

2. 0 

1. 0 

1. 9 

2. 6 

2. 2 

1. 8 

FILE: MTERA 


, SIGNATURE: 13 , 

DESCRIPTOR: FARMl 

6AGED UPON 

655. 

TRAINING SAMPLES 




MEAN; 








46. 8 

61. 3 

61. 5 

27. 5 

31. 1 

43. 8 

53. 6 

24. 6 

COVARIANCE: 








10. 6 

8. 3 

8. 4 

4. 0 

2. 9 

2. 1 

- 0. 1 

0. 4 

8. 3 

1 1. 2 

9. 7 

4. 3 

1. 3 

3. 5 

0. 3 

-0. 1 

8. 4 

9 7 

12. 1 

4. 7 

1. 0 

3. 8 

0. 6 

> 0. 1 

4. 0 

4. 3 

4. 7 

2 6 

0. 6 

1. 3 

0. 1 

0. 0 

2. 9 

1. 3 

1. 0 

0. 6 

7. 1 

5. 8 

4. 4 

1. 8 

2. 1 

3. 5 

3. 8 

1. 3 

5. 8 

17. 4 

9. 4 

2. t 

-o. 1 

0. 3 

0. 6 

0. 1 

4. 4 

9. 4 

9. 9 

2. 5 

0. 4 

- 0. 1 

“0. 1 

0. 0 

1. 8 

2. 1 

2. 5 

1. 5 

FILE: MTERA 


, SIGNATURE; 14 , 

DESCRIPTOR: COM2 

BAAED UPON 

441. 

TRAINING SAMPl.ES 




MEAN: 








41. 8 

44. 2 

43. 9 

19. 6 

26. 9 

20. 8 

44. 7 

23. 4 

COVARIANCE: 








1. 6 

1. 0 

1. 0 

0. 6 

0. 3 

0. 6 

0. 5 

0. 2 

1. 0 

3. 7 

2 5 

1. 5 

0. 6 

2. 0 

0 4 

0. 1 

1 0 

2. 5 

4. 4 

1. 6 

0. 4 

1. 9 

0. 8 

0. 3 

0. 6 

1. 5 

1 6 

1. 3 

0. 4 

1 t 

0. 3 

0. 0 

a 3 

0. 6 

0. 4 

O, 4 

1. 2 

1. 3 

0. 1 

■ 0. 2 

0 6 

2. 0 

1. 9 

1. 1 

1. 3 

4. 7 

0 3 

-0. 4 

0. 5 

0, 4 

0. 8 

0. 3 

0. 1 

0. 3 

3. 3 

1. 3 

0. 2 

0. 1 

0. 3 

0 0 

0. 2 

0. 4 

1. 3 

t. 4 

ril.F: MTERA 



1 SIGNATURE. 16 , 

DESCRIPTOR. T0RT3 

BAAED UPON 

517. 

TRAINING SAMPLE 

S 




MEAN: 








40. 9 

57. 4 

57. 8 

25. 9 

43. 0 

51. 3 

58. 2 

25. 9 

COVARIANi'E 








3. 9 

4. 5 

3. 6 

1. 2 

2 4 

4. 5 

1. 8 

0. 4 

4. 5 

to 0 

7. 4 

2 2 

4. 7 

10. 1 

4, 9 

1. » 

3 6 

7. 4 

8. 5 

2. 1 

3. 7 

0. 2 

4. 1 

1. 0 

t 2 

2. 2 

2 1 

1. 2 

1. 1 

2. 4 

1 3 

0. 3 

2. 4 

4. 7 

3. 7 

1 1 

7 4 

12. 1 

5. 6 

1 1 

4. 5 

10. t 

8 2 

2. 4 

12. 1 

27 2 

12. 0 

2 3 

1 8 

4. 9 

4. 1 

1. 3 

5. 6 

12. 0 

9. 9 

2. 0 

0. 4 

t. 1 

t 0 

0. 3 

1. 1 

2. 3 

2 0 

1 t 
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Landsat scene 1972-09-26 Landsat scene 1974-01-07 

Band 4 Band 5 Band 6 Band 7 Band 4 Band 5 Band 6 Band 7 


riir:; mtera . sioNAiimr: j? , descriptciR: ert>i 

rsrtr>i-:o upi^n tr^cntno gahpl.es 

MEAN: 


54 6 

COVARIANCE 

58. 0 

56. 4 

25. 5 

49. 7 

52. 8 

58. 6 

26 

3 

9 i 

no 

9 7 

4. 0 

0. 3 

11. 2 

7. 3 

2. 

5 

I 1. 0 

18 9 

16. 2 

6. 6 

11 3 

18. 5 

13 2 

4. 

5 

9. 7 

16 2 

18, 3 

6. 9 

9. 6 

16. 7 

12, 8 

4. 

6 

4. 0 

6. 6 

6 9 

3. 4 

3. 7 

6 6 

5 2 

1 

•s 

8. 3 

1 1 3 

9 6 

3 7 

21 7 

29 5 

18 4 

5 

9 

11.2 

18 5 

16 7 

6. 6 

29 5 

50 6 

32 1 

10 

7 

7. 3 

13 2 

1 ^ 8 

5. 2 

18. 4 

32 1 

25. 5 

8. 

2 

2. 

4 5 

4 6 

1. 9 

5. 9 

10. / 

8. ?. 

3, 



F*!l ri: MTEIRA , SIGNATURE: IS . DESCRIPTOR: ERP2 

RAGfr.l« UPON 0’>9. TRAINING GAHPl.ES 

MEAN: 


59. 2 

64. 0 

61 9 

28. 0 

58. 4 

64 8 

64. 6 

28. 0 

rrnVARTANCE 
1 1 . 3 

13 4 

in 8 

4 5 

in 2 

13. 4 

8. O 


13, 4 

.?! 1 

15 5 

6, 7 

14 0 

19 0 

1 1 9 

3. 

10. 8 

15 5 

16 6 

6. 3 

11 n 

15 4 

10. 9 

3 n 

4 5 

6. 7 

6. 3 

3 3 

5 1 

7. 1 

5. 2 

1 5 

lo. 2 

14, 8 

11 n 

5 1 

22 8 

27 7 

17 6 

5. 6 

13 4 

19. 0 

15 4 

/ 1 

27. 7 

40 4 

24. 9 

/. /. 

8. < • 

1 1 9 

in. 9 

5. 2 

17 6 

24 9 

20. 8 

5. 4 

7 7 

3. 3 

3. 0 

1 5 

5 6 

7 6 

5. 4 

2. A 


ril E; MTERA , SIGNATURE: 19 . DESCRIPTOR; MIMJ 

OArU-n UPON 5A2. VRAINING SAMPLES 

MEAN 


39 8 

42, 3 

46. 5 

23. 2 

24. 9 

17. 6 

48. 0 

27. 2 

nnVARIANCE 

2. 9 

3. 2 

2. 3 

1 4 

0 5 

0 3 

1. 3 

0 9 

3. 7 

7 3 

5, 8 

3 3 

1. 2 

1 0 

1. 0 

0 5 

2 3 

5 8 

9 3 

4 7 

n, 8 

1. 2 

-2. 3 

2, n 

1 4 

3 3 

4 7 

3. 4 

0 6 

0 8 

-• L 2 

-J 0 

0 5 

1 2 

0 8 

0 6 

3. 1 

3 4 

2. 4 

1. 3 

0. :3 

1 0 

L 2 

0 8 

3 4 

A 5 

2. 5 

0 9 

1. .3 

1 . n 

-■2 3 

-12 

2 4 

2. 5 

19 6 

12 8 

0 9 

0. 5 

• ? 0 

10 

L 3 

0 9 

12 8 

9 !'< 

ni.E: M l ERA 

ra;';i-0 I.IPON 

1 06:3. 

. SIGNATURE: 20 . 
•RAINING SAMPLES 

DESCRIPTOP: GRWBl 

MEAN 

39. 6 

:”)6. 6 

41 1 

19 i 

29 5 

23 9 

36. 2 

r; 4 

r.riVARTAN«;;F 

:;■! 4 

4 0 

2 8 

1. 3 

1 0 

1 3 

1. 5 

(■( > 

4 0 

r# 

4 4 

1 0 

1 9 

7. 6 

1 5 

0 

2 8 

4 4 

8 4 

3. 5 

1 2 

L 3 

4 4 

. 4 

1 3 

1 3 

■~i 

•:*' 4 

0 ‘-i 

0 4 

•*> 

1 :! 

1 <■) 

1 9 

J . 

■ » s 

»' f'. 

2 

) J 

f 1 f 

1. 

/. 

1 

n 4 

? ‘*i 

4 5 

0 'i 

a i 

1 5 

1 5 

4 4 

2 3 

L 1 

n 5 

9 7 

4 

0 / 

0 5 

2 4 

1 

n 3 

0 1 

4 / 



(I I 
4 >■ 


Appendix 2 
p«9e 6 


OmCHNAL Pfm fS 

OF POOR QUALITY 


Landsat scene 1972-09-26 Landeat scene 1974-01-07 

Band 4 Band 5 Band 6 Band 7 Band 4 Band 5 Band 6 Band 7 


FII.E: MTERA 



. SI^TUF^; 21 . 

DESCRIPTOR; BU8H1 

BAPiFD UPON 

104. 

TRAINING SAMPLES 




MEAN. 








48 9 

51. 5 

49. 6 

22. 7 

40. 7 

39. 3 

47. 4 

22. 3 

COVARIANCE; 








2. 6 

1 i 

0. 6 

0. 4 

i. 2 

0. 4 

0. 3 

-0. 2 

1. t 

2. 3 

0. 8 

0. 3 

0. 8 

0. 6 

0. 2 

-0. 0 

0. 

0. 8 

2. 2 

0 3 

0. 9 

0. 8 

0. 8 

0. 4 

0. 4 

0. 3 

0. 3 

0. 7 

0. 4 

0. 3 

0. 5 

0. t 

1 . 2 

0 8 

0. 9 

0. 4 

4. 0 

1. 9 

0. 4 

0. 2 

0 4 

0. 6 

0. 8 

0. 3 

1. 9 

4. 5 

1. 7 

0. 8 

0. 3 

0. 2 

0. 8 

0. 5 

0 6 

1. 7 

3. 4 

0. 9 

- 0 2 

-0. 0 

0. 4 

0. 1 

0. 2 

0. 8 

0. 9 

1. 0 

FILE: MTERA 



♦ SIGNATURE: 22 . 

DESCRIPTOR: GRASSl 

BASED UPON 

4t 1. 

TRAINING SAMPLES 




MEAN: 








44 3 

55. 9 

55. 6 

24. 4 

34. 6 

44. 5 

54. 9 

24. 5 

COVARIANCE: 








8. 1 

2. 7 

1 . 0 

1. 1 

6. d 

3. 3 

0. 8 

0. 5 

2. 7 

7. 4 

5. 7 

2. 4 

2 4 

4. 8 

4. 4 

1. 7 

i. 0 

5. 7 

7. 9 

2. 5 

0. 9 

4. 5 

5. 7 

2. 2 

1. 1 

2. 4 

2. 5 

1. 5 

1 0 

2. 4 

2. 0 

0. 8 

6. 8 

2. 6 

0. 9 

1, 0 

11. 9 

7. 4 

2. 2 

0. 4 

3. 3 

6. S 

6 5 

2. 4 

7. 4 

21. 4 

12. 7 

3. 7 

0. 8 

4 6 

5 7 

2. 0 

2. 2 

12. 7 

13. 3 

4. 0 

0. 5 

t. 7 

2 2 

0. 8 

0. 4 

3. 7 

4 0 

2. 0 

FILE: MTERA 



, SIGNATURE: 23 . 

DESCRIPTOR: AXl 


BASED UPON 

lOL 1. 

TRAINING SAMPLES 




MEAN: 








54. 1 

55 0 

51. 8 

23. 2 

44, 0 

42. 8 

51. 7 

24. 2 

COVARIANCE 








8. 1 

7. 6 

7. 1 

3, 4 

1. 8 

1. 4 

2. 8 

1. 3 

7 

10. 1 

8. 4 

3. 9 

1 4 

1. 4 

2 9 

1. 3 

1 1 

8. 4 

9 9 

3 9 

0. 9 

0. 3 

2. 4 

1. 3 

3, 4 

3. 9 

3. 9 

2 , 4 

0. 4 

0 1 

t i 

0. 4 

1, 9 

1 6 

0 9 

O 4 

13. 8 

18. 5 

9 1 

2. 4 

1 6 

1 4 

0. 3 

0 1 

18. 5 

29 2 

13 3 

3. 4 

2. 9 

2. 9 

2 .?> 

1 1 

9 1 

13 3 

9 7 

2. 7 

t, 3 

t. 3 

1. 3 

0 4 

2. 4 

3. 4 

7 7 

1 4 

FILE: MTERA 


. SIGNATURE: 24 . 

DESCRIPTOR: ERP3 

BASED UPON 

303. 

TRAINING SAMPl fi 





MEAN: 








69, 0 

75. 7 

710 

31. 3 

69 3 

78. 4 

75. 8 

31. 8 

COVARIANCE: 








7 4 

9 . 6 

10 . 1 

3 . 9 

2 . 

5 4 

2 A 

1. 0 

9 

19 /:. 

) o 

•/ 9 

^ 4 

10. 0 

4 3 

1 t 

in. J 

19 9 

25 . 6 

9 . 1 

3 4 

11 . 2 

4 0 

1. 4 

3 •? 

/ 9 

? 1 

4 1 

0 8 

3. 4 

1 0 

0 3 

2 . 9 

. ^7 

3 6 

0 8 

15 9 

18 . 9 

14 6 

4. 1 

^ 4 

10. 0 

1 1 2 

3 4 

18 9 

3T 4 

20 2 

5 . 3 

2 4 

4 3 

4 0 

i 0 

IT 6 

2vT 2 

19 4 

4 f 

1. 0 

1. i 

1. 4 

0 3 

4. 1 

5. 3 

4. 5 

1. 9 


Landsat scene 1972-09-26 


MQMAL PAQ£ is 
C f POQg i^iiAUTV 




pi^ 7 


Landsat scene 1974-01-07 


Band 4 Band 5 Band 6 Bai^ 7 Band 4 Band 5 Band 6 


rnr: MxrnA . sioi^TUfc 25 . wrscRirTOR ax2 

ftA^.e:D IJPON 251. TRAIN I NO SAHRES 

MCAN: 


49. 3 

53. 

9 

55 

0 

25. i 

44. 4 

50. 9 

55. 2 

24. 7 

nnVARIANCE 

6 9 

8 

5 

4. 

7 

1 8 

3. 9 

6 4 

3 1 

1 2 

0. r-i 

i4. 

9 

0 

1 

3. 1 

5. 9 

10 0 

5. 5 

1 9 

4 7 

&. 

i 

8 

1 

2. 2 

3. 4 

5. 5 

3 9 

1 1 

1. S 

3. 

1 

2. 

2 

1. 3 

1 A 

2. 4 

1. 9 

0 7 

3 9 

5 

9 

3. 

4 

i 6 

iO. 2 

14. 7 

7 6 

2 2 

A 4 

10 

0 

5. 

5 

2. 4 

14. 7 

26. 6 

13. 1 

3 !•! 

3. 1 

5. 

5 

3. 

9 

i. 9 

7. 6 

13 1 

10. 9 

2. 8 

1 2 

t 

9 

I 

i 

0. 7 

2. 2 

3 8 

2. 8 

1 4 


PII H: MTHRA . SIGNATURf!: 2^. . OHSCRirTOR: HBUG6 

RAGPD UPnN 1691. TRAINING OAHPLKS 

nr: AN: 


43 6 

45. 7 

45 1 

20. 1 


29. 0 

36. 1 

16. 6 

i.nVARTANCE 
4 3 

4 0 

2. 4 

n. 7 

3. 8 

5. 0 

1. 3 

0 0 

4 0 

A. A 

3. / 

1. 2 

4. 5 

5. 8 

t. 6 

0 4 

2. 4 

3. 7 

5 «■> 

J. 5 

2. 8 

3. 4 

i. 8 

0. 7 

0. V 

1. 2 

1. 5 

L 3 

0. 6 

0. 7 

1 1 

0 5 

3. 8 

4. 5 

2 8 

o. 6 

7. 5 

8. 6 

2. 2 

0. J 

5. 0 

5. ft 

3 4 

0 7 

8 A 

12. 8 

2. 8 

0. 1 

1. 3 

1 6 

1. S 

1 1 

2. 2 

2. 8 

5. 2 

1 4 

0. 0 

0 4 

0 7 

0. 5 

0 1 

•0. 1 

1 4 

1. A 


riLn: MTERA , SIGNATURE: 27 . DESCRIPTOR; KIRK2 

I?.ASF;D I.IPON 317. TI^AINCNG SAMPLES 

MEAN; 


39. 8 

35 4 

42. 6 

19 7 

29 7 

22 4 

49. 4 

25. 8 

r.invARTANCP: 








3 7 

4. 9 

2. 6 

1, 2 

2. 7 

4. 6 

- 1. 3 

- 1. 4 

4 9 

10. 5 

4 2 

1 6 

5. 8 

9 4 

- t 3 

-2. 1 

2. 6 

4. 2 

6 0 

2. 1 

2. 3 

3. 9 

-2. 3 

1 0 

1. 2 

1 6 

2. 1 

1 6 

0 7 

1 4 

0 9 

■0 !'! 

2 7 

s s 

2. 3 

<■) 7 

8. 7 

13. 0 

- 0 1 

- 2 O 

4. 6 

9 4 

3. 9 

1. 4 

13. 0 

•.?3. 0 

-0. 7 

-3 4 

“ • , 3 

- 1. 3 

-2. 3 

- 0. 9 

- 0 1 

■ 0. 7 

8 5 

4 0 

- 1 4 

2. 1 

• 1. 8 

•0. 8 

■ •2. 0 

-3. 4 

4 < :» 

3. 2 


nir: MTERA 
DA’ ,r. D 1 M-’I'IN 

AA5. 

. SIGNATUri!E: 28 
TRAINING SAMPI.LS 

, DESCRIPTOR: 

rARM2 


MEAN 

48. 

■>7. 5 

57. 9 

26 0 41. 6 

50. 1 

58 

O 26 

1 

r;nvAR f ANfL 

4 2 

3 7 

2. 8 

1 0 1 9 

2. 1 

o. 

9 Cl, 

4 

3. / 

9, ? 

6 5 

2 0 1 2 

4 

Jll.. 

0 0 

: : 

2. 8 

6. 5 

8 7 

2. 0 9 9 

'■*> 

•.> , 

2. 

3 Cl 

/■ 

1. 0 

2 0 

2 0 

t 1 0 1 

0 9 

0 

5 0 


1 9 

j . 2 

0 9 

0 1 7 7 

9 1 

4 

3 } 

t'l 

2. 1 

3 4 

2 

0 9 9 1 

19 1 

S) 

A 2 

4 

o. 9 

2. O 

2 3 

Cl. 5 4 3 

9 6 

8. 

7 2. 

) 

U. 4 

0 8 

0 7 

0 2 t 0 

2 4 

2. 

1 » 

.-y 



I^Andix 2 
pftge 8 

OfHmAL fS 

OF POOH ^AUTV 

Landsat scene 1972~09*-26 

Landsat scene 1974-01-07 

Band 4 Band 5 Band 6 Band 7 

Band 4 Band 5 Band € Band 7 


riLF.: MTERA 



. SIOW^TURE: 29 , 

DESCRIPTOR: REPl 


BAl^D UPON 

loei. 

TRAINING SAMPLES 




MEAN: 








37. 3 

31. 2 

42. 2 

20. 5 

27 4 

19. 9 

42. 6 

22. 4 

CnVARlANCE: 








2. S 

2 7 

1. i 

0. 6 

1. 0 

1. 4 

0. 0 

“0. 3 

2. 7 

6. 7 

2. 2 

0. 6 

1. 7 

2. 9 

-0. 4 

"0. 4 

1. 1 

2. 2 

3. 7 

1. 5 

0. 7 

0. 6 

0. 5 

0. 4 

0. 6 

0. 4^ 

1. 5 

1. 5 

0. 4 

0. 2 

0. 9 

0. f5 

1. 0 

1. 7 

0. 7 

0. 4 

2. 5 

2. 8 

0. 3 

- 0. 4 

1. 4 

2. 9 

0. ^ 

0. 2 

2. 8 

5. 8 

-0. f5 

-^1. 2 

0. 0 

-0. 4 

0. 5 

0. 9 

0. 3 

-0. 5 

3. 9 

2. 1 

“0. 3 

-0. 4 

0. 4 

0. 5 

-O. 4 

“1. 2 

2. 1 

2. 4 

ril.F: MTERA 



» SiGNAnj 

iT?E: 30 . 

DESCRIPTOR. REP2 

RASED UPON 

444. 

TRAINING SAI^l.fc.S 




MEAN: 








38. 8 

34. 4 

41. 7 

19. 6 

27. 9 

19. 9 

46. 6 

24. 6 

COVARIANCE. 








i 4 

0 9 

0. 6 

0. 3 

0. 3 

0. 6 

-0. 5 

-0. 4 

0 9 

3 8 

1. 9 

0. 6 

1. 2 

2. 3 

-1. 2 

-1. 1 

0. 6 

i. 9 

3. 2 

0. 7 

0. 7 

1. 8 

-1. 3 

-1. 1 

0. 3 

0. 6 

0. 7 

0. 7 

0. 2 

0. 6 

~0. 8 

-0. 5 

0. 3 

1. 2 

0. 7 

0. 2 

2. 2 

2. 0 

0. 3 

-0. 1 

0. 6 

2. 3 

1. 8 

0. 6 

2. 0 

4. 7 

-2. 0 

-1. 8 

-O. 5 

- 1. 2 

-1. 3 

- 0 8 

0. 3 

-2. 0 

9. 1 

4. 7 

- 0. 4 

-1. 1 

1. 1 

- 0. 5 

“0. 1 

- 1. 8 

4. 7 

3. 4 

FII.E; MTERA 


, SIGNATURE: 31 . 

DESCRIPTOR. GRWB2 

BASED UPON 

1444. 

TRAINING SAMPLES 




MEAN 








40. 6 

38. 0 

40. 0 

18. 3 

31. 0 

26. 6 

33. 3 

15. 3 

COVARIANCE: 








3. 3 

3. 9 

3. 2 

1. 5 

1. 3 

1. 8 

1. 2 

0. 5 

3. 9 

9 8 

8. 1 

3. 8 

4. 0 

5. 6 

3. 5 

1. 7 

3. 2 

8. 1 

12, 0 

5. 3 

3. 5 

5. 7 

3. 4 

1. 8 

1. S 

3. 8 

3 

3. 3 

1. 6 

2. 7 

1. ?5 

0. 9 

1. 3 

4. 0 

3 . 5 

1 6 

4. 1 

4. 8 

2. 4 

1. 2 

1. 0 

*=i. 6 

5 7 

2 7 

4. 8 

8. 4 

3. 9 

1. 8 

i 2 

3. 5 

3. 4 

1. 5 

2. 4 

3. 9 

6. 3 

3. 0 

0. 5 

I. 7 

1. 8 

0. 9 

1. 2 

1. 8 

3. 0 

2 4 


